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1 Executive Summary

The Delta Simulation Model-2 water quality modeB5N22-QUAL, was used to model nutrient

dynamics in the Delta. The modeled time frame wa801- 2008, the period covered by the
DSM2 Historical model. The main goals of the projeere to calibrate and validate DSM2-

QUAL for temperature and nutrients with a focusaommonia dynamics, to develop a prioritized
monitoring program to fill data gaps and improve tinderstanding of nutrient dynamics in the
Delta and to critique the existing model formulaticGeveral model scenarios and sensitivity
analysis for some constituents are included ingatajesults.

Data was needed to develop boundary conditiong@aodlibrate and validate the model for nine
constituents (nutrients), and water temperature matéorological data was needed to develop
the temperature model. Data gathered from soureacés and individuals was evaluated for
quality and accuracy, suspicious data was removet gaps in data used for developing
boundary conditions were filled.

Temperature and meteorological data had good $paiatemporal coverage over much of the
modeled time span. Nutrient data was gatherechf@elta measurements and for effluents from
waste water treatment plants that release intd#l&a. Most effluent data only covered recent
years, while spatial and temporal coverage for @ttdbnutrient measurements was greatest 1990
—1995.

The availability of data to develop boundary coiodis for the nutrients dictated the level of
accuracy in model results. Most in-Delta nutrieatadcame from grab samples at monthly or bi-
weekly intervals, while water temperature and mmetlegical data was available hourly to daily.
Measurement data gathered by the Environmental tdiomg Program (EMP) was used
preferentially over other data sources. Long tirees of data were available from EMP at or
near most boundaries and the data was consistémtméasurements from other data sources,
and it was gathered by a single organization ugingll-documented methodology. Data quality
and documentation were very good. Several regiorteég model domain were lacking data. In
areas where there were few or no measurementsdaguonditions were set at reasonable
levels to maintain calibration at downstream lowadi There was no data available for the
organic-P constituent.

Calibration was obtained by varying the minimal mems of parameters needed to obtain an
acceptable level of accuracy, as assessed by afsalibration statistics. Calibration and
validation statistics were calculated for all cangints (except organic-P) at a monthly time
scale. Water temperature statistics were assessad annual basis using five hydrological year
types from critically dry to wet. Nutrients weresalassessed annually, but only using dry and
wet year types.
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Evaluation of the statistics indicates that the gerature model calibration is very good. The
nutrient model in DSM2-QUAL has a simple conceptisaimulation that proved sufficient for

the task of modeling the 19-year frame over thereriDelta using data available only at a
monthly time step. Calibration for the N-constittegrdissolved oxygen and chlorophyll a/algae
was generally very good, except at a few locati@aibration for the other constituents varied
from very good to acceptable. Results were poavhste measurements were lacking or sparse.

The inclusion of new flow data available 2004 - 2@ the Lisbon Toe Drain had a noticeable
influence on nutrient dynamics and on volumetrimtdbutions around Rio Vista and at
downstream locations. Inclusion of a flooded Ligetsland in the DSM2 grid generally
increased algal biomass at downstream locationslaa@ased concentrations of N-constituents.

Although the currently available data was suffitiém develop a nutrient model focusing on
ammonia dynamics, the existing monitoring prograsi®uld be improved. The model
constituent organic-P is not measured and carbonackiochemical oxygen demand (CBOD)
was only measured in a few locations along the Baquin R. Some regions of the model do
not have any coverage, and some areas have macgwvalage. The Yolo/Cache Slough area
and portions of the eastern Delta need measurdotions as there are currently none. Suisun
Marsh and the central Delta need additional measemé locations, as most of the data that is
currently available ends in 1995.

The measurement time frame for the monitoring @ogmwill dictate the accuracy of the
modeled constituents, so measurements need tkée & a time scale commensurate with the
quality of the desired results. Ancillary measurataeshould be taken along with the main
constituents at infrequent intervals. For exampleasurements to distinguish between dominant
algal species and bacteria would help clarify tlyaadnics, and would inform the setting of
model parameters QUAL. Finally, sediments should shenpled to help analyze possible
contributions to nutrient dynamics from residemja& or macrophytes.

Several improvements are suggested for the conalepindel in QUSAL. Meteorological inputs
need to be set on a regional basis to allow faatians across the model domain — this option is
not currently available. One improvement in the elatdat would help clarify nutrient dynamics
for ammonia is the inclusion of multiple algal gpsyand an enhanced formulation for bacterial
dynamics (most likely the inclusion of new consgitti relationships). The model formulation
proved inadequate to capture the effect of cla@wmrifula and Corbiculd. There are several
possible approaches for improving the conceptualehto capture their effects on the food web.
The most difficult area to improve in the modeltie treatment of organic materials. Most
changes would require a major overhaul of the cotued model.

Because of the focus on ammonia in this projed,fdtlowing terminology will be used: the
term “ammonia” will refer to the combined amounttibé two chemical species in solution NH

2
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(ag) and NH. Where important for clarity, or where there is\@ed to discuss the distinct
species, the terms ammonia or unionized ammoniaised to refer to Nk(aq) and the terms
“ammonium” or “ammonium ion” are used to refer ttdN. The reason for this choice of
terminology is discussed in Section 4.2.2.

2 Project Objectives

The recent decline in the health of the San Frane&an Joaquin Delta (Delta) ecosystems has
increased the importance of understanding ecosysteration, and the linkages between
ecosystem health and system drivers such as wambeperature and nutrient levels. The
complexity of these linkages presents a challehge data analysis alone has not clarified, so
conceptual and numerical models have been deveklpddsed to increase our understanding of
ecosystem functions.

The Delta Simulation Model-2, or DSM2, was usedhis project to model the hydrodynamic
and water quality interactions, including nutriglynamics, in the Delta. DSM2 is a suite of
models developed by California’s Department of W&esources (DWR). The hydrodynamic
and water quality modules, HYDRO and QUAL, respesli, have been developed by DWR to
model the historical conditions in the Delta fro800 to 2008 — this implementation is called the
“Historical Model”. The calibration of the Histoat Model has previously focused on
simulating hydrodynamics and the transport of gglirmodeled as electrical conductivity (EC)
and dissolved organic carbon (DOC). In this prgjaciditional constituents in the conceptual
model for QUAL were used to model the transpornofrients and water temperature, with a
focus on ammonia transport, as an extension dbalse Historical Model implementation.

The main objectives of the work covered in this wdoent are to: (1) calibrate and validate
DSM2-QUAL to simulate temperature and nutrient iatééions, with a focus on ammonia and
nitrogen dynamics, in the model domain from 192DO8, and (2) develop a prioritized water
guality monitoring program with the intent of imping the understanding of ammonia and
temperature dynamics in the Delta and improving go@lity of the model calibration. In
addition, the current conceptual model used in QUékimulate nutrient dynamics in the Delta
is critiqued and potential modifications are sugees

The project required the collection and synthesithe large quantity of data needed to set the
model boundary conditions over the 19 year timensd®90 — 2008, and to calibrate and
validate the model calculations for each of theve&heconstituents conceptualized in QUAL to
drive nutrient dynamics in the Delta. The descoiptiof the data, the methodology for
transforming the data for modeling application, awthmaries of data usage thus comprise a
substantial portion of the documentation, as thaityuof the model calibration is determined in
large part by the availability and quality of thaetal The adequacy of the conceptual model to
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simulate the nutrients dynamics is a function baftthe model itself and of the data available to
inform and constrain model boundaries and paramatadhe underlying equations.

3 Background

3.1 DSM2 — general

DSM2 is a one-dimensional (1-D) hydrodynamic andewauality simulation model used to
represent conditions in the Sacramento-San Jodgeita. The model was developed by the
Department of Water Resources (DWR) and is fredqueisied to model impacts associated with
projects in the Delta, such as changes in expditgrsions, or channel geometries associated
with dredging in Delta channels. It is considetied official Delta water quality model, and as
such it has been used extensively to model hydaaies and salinity as well as Dissolved
Organic Carbon (DOC). Salinity is modeled as eieatrconductivity (EC), which is assumed to
behave as a conservative constituent.

The simplification of the Delta to a one-dimensiofiaD) model domain means that DSM2 can
simulate the entire Delta region rapidly in compan with higher dimensional models.
Although many channels in the Delta are modeled wwel-D, the loss of spatial detail in areas
that are clearly multi-dimensional limit DSM2’s acacy in those areas.

DSM2 contains three separate modules, a hydrodgnamoidule (HYDRO), a water quality
module (QUAL), and a patrticle tracking module (PTMHYDRO was developed from the
USGS FOURPT model (USBR, 2008). DWR adapted thdeito the Delta, accounting for
such features as operable gates, open water arehgxport pumps. The water quality module,
QUAL, is based on the Branched Lagrangian Tranddodel (Jobson, 1997), also developed by
the USGS. QUAL uses the hydrodynamics simulateHI'YWRO as the basis for its transport
calculations. The capability to simulate nutrieghamics and primary production in QUAL was
developed by Rajbhandari (1995). The third modualthe DSM2 suite is PTM, which simulates
the fate and transport of neutrally buoyant patclPTM also uses hydrodynamic results from
HYDRO to track the fate of particles released a&trigefined points in space and in time.

Detailed descriptions of the mathematical formolatimplemented in the hydrodynamic
module, DSM2-HYDRO and for salinity in the wateratjity module, DSM2-QUAL, the data
required for simulation, calibration of HYDRO andJBL, and past applications of the DSM2
Historical model are documented in a series of mspavailable at:

http://baydeltaoffice.water.ca.gov/modeling/deltal®ing/annualreports.cfm

Documentation on the calibration and validation the modules used in the current
implementation of the Historical model is availabtehat website. The calibration of HYDRO is
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assumed to be sufficient for our purposes, andsandeere the model implementation is less
accurate are discussed where relevant in the text.

3.2 Issues with ammonia and temperature in the Delta

In recent years, the community of pelagic fish atider pelagic organisms has experienced a
severe decline in the Delta, a phenomenon now krasuhe “Pelagic Organism Decline”. High
concentrations of ammonium ion (B have been identified by some researchers as tpaibgn
contributing to fish declines and poor phytoplamkggrowth in the Delta. Unionized ammonia
(NH3 (ag)) is known to be toxic to fresh water organismar{@all and Tsui, 2002)), although the
toxicity is dependent on pH and temperature. Higimania levels may interfere with algal
growth, as algae have been observed to utilize anamiestead of nitrate when the concentration
of ammonia is above 1 — 4 pmoles (Dugdale et al., 2007). Nitrate is used more &ffitly by
algae and algal growth rates are higher when aitiatutilized instead of ammonia, all other
things being equal.

Waste water treatment plants and agricultural dgenare known to contribute nitrogen-

containing compounds in the Delta, along with othetrients. Although nutrient loads from

known sources are closely regulated to maintaireti@al levels for the identified uses of Delta

waters, such as recreation and ecosystem healthe tis uncertainty associated with the
mandated levels and they are subject to re-regulafinew data suggests current levels are
incorrect.

Water temperature is also a critical parameterlagigg the functioning of the Delta ecosystem.
Water temperatures in some areas can reach lethalsifor susceptible species inhabiting the
Delta, such as delta smelt. Reaction rates foienitrelated processes are generally temperature
dependant. A combination of an over-abundant enttrsupply and optimal temperature for
algal growth may result in algal blooms - the agsed depleted dissolved oxygen levels can be
lethal to some aqueous inhabitants. Alternativélyutrient levels are poor or unbalanced, as
may occur if ammonium levels are too high, algalvgh may be inhibited even at optimal
temperatures. As algae form a basis for the foqaplgufor higher level organisms, if algal
growth is inhibited the supply of food for highew&l organisms from zooplankton to fish is also
limited. If this occurs in areas where fish popuaas are dependent on a source of food, such as
the areas in and around Suisun Bay, the resultanargtually be a decline in the population.

3.3 Previous nutrient models using DSM2

Previous uses of QUAL to simulate nutrient dynanmicthe Delta focused on dissolved oxygen
(DO). Rajbhandari (2000, 2001, 2003, 2004, and 08&d QUAL to model DO dynamics on
the San Joaquin River, addressing concerns about D® in the vicinity of Stockton.
Subsequently, the application and area of calibmatvere extended to the San Joaquin Deep
Water Ship Channel. The final application focusorgDO extended model development to a

5
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wider region of the Delta to support technical stador the In-Delta Storage Project Feasibility
Study. This model study assessed the potential dmplathe project on temperature and DO
levels using CALSIM Il (Rajbhandari, 2004)) outgdat the hydrological conditions in the 16-
year scenarios (1975 — 1991). This type of studgniexample of a Planning Study in which
DSM2 is used to quantify the effects a modification the Delta water regime, such as
construction of a new gate, may have on hydrodyosrand water quality. DSM2 Planning
models currently cover the period from 1922 to 206i3g CALSIM Il simulated hydrology.

3.4 Additional analysis — aqueous geochemistry and isgpes

Additional modeling analysis using the aqueous geotcal model EQ3/6 (Wolery, 1992) was
performed to establish a baseline for chemicaliggien in the waters at the two main model
boundaries on the Sacramento and San Joaquin RA®m@iscussed in Section 4.2.2, QUAL’s
nutrient model does not include chemical speciatioowledge of which can give important
insight into the detailed chemical interactions amehe constituents in the water. The EQ3/6
analysis is discussed in Section 9.1.

The results of a collaborative effort between thigject and C. Kendall to use isotopic data to
inform and constrain the DSM2 nutrient model areuwtnented in Section 9.2. Isotope data can
be used to identify sources of nutrients and dotimga processes involved in their
transformation, and the collaboration is combinDh§M2 QUAL results with results from
isotopic analyses. The distinctive isotope “fingens” are more diagnostic than standard
chemical measurements to sources and sinks ofusanmaterials which can often be identified,
traced, and semi-quantified using stable isotopesexample, nitrate derived from animal waste
is isotopically distinguishable from nitrate derdv&om inorganic fertilizer, and organic matter
derived from algae is isotopically distinguishalliem organic matter derived from terrestrial
plants. Different kinds of sinks (biogeochemicaimoxval mechanisms) sometimes cause
distinctive shifts in isotopic compositions. Foraexple, nitrification and assimilation cause
predictable and distinctive changes in isotopic position.

4 Model Configuration

The implementation of the DSM2 modules HYDRO andAQUliscussed in this report extends
the standard configuration of the “Historical MdgeVhich simulates historical conditions in the
Delta from 1990 — 2008, by including effluent flokr®m most of the wastewater treatment
plants (WWTPs) with outfalls within or just outsidé DSM2’s model domain in the Delta.

Although the volume of these effluent inflows isalmn comparison with other inflows to the

Delta, they are important sources of the nutriemisleled in QUAL.
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4.1 Model Grid

The DSM2 model grid is shown in Figure 17-2. Thiel gonsists of one-dimensional channels,
indicated by red lines, linked by nodes, indicdigdlack symbols, and open water areas whose
approximate locations are indicated by blue numi#@pen water areas are modeled as well-
mixed reservoirs.

4.2 Model Boundaries

4.2.1 Flow and Stage Boundaries

Boundaries that define the movement of water imid aut of the Delta consist of inflow
boundaries, outflow boundaries and a stage bourskgtrat Martinez (Figure 4-1). Exports and
diversions remove water from the model — water 8tsoes out of the model at its downstream
boundary, the stage boundary at Martinez In aduitibere are structures in the model, such as
gates and weirs, that are operated to control fkiage or the transport of salinity that simulate
the actions of these structures in the Delta.

In Figure 4-2, the main inflow boundaries are deddty blue stars. These boundaries are found
at the each of the major rivers (Sacramento, Sauio, Calaveras, Mokelumne and
Cosumnes), and at the Yolo Bypass and the Lisb@Omin (in the Yolo region). The Yolo
boundary only has inflow during periods of high @aeento River inflow which can occur in
the late fall through early spring. Flows at theldon Toe Drain near Liberty Island on the north
western edge of the Delta, normally not includecHVDRO, were added when available as
some effluent sources eventually enter the modelailo at that point. Flow data for the Lisbon
Toe Drain was available starting in 2004.

Figure 4-2 shows the location of effluent inflowunalaries discussed in this report. The volume
of effluent water is small in comparison with otlffow contributions (see Section 11.1) except
in periods of very low inflow.

The effects of evaporation, precipitation, and clendepletions and additions ascribed to
agricultural influences and are modeled using thkaDisland Consumptive Use (DICU) madel
This model is used to set boundary conditions & @gations throughout the Delta — these
locations are subdivided into 142 regions. DICU rmary conditions vary monthly and are set
by Water Year Type. The uncertainty in the estimateDICU inflow, outflow and constituent
concentrations is high. During periods of low imfloerrors in volumes ascribed to DICU
boundaries may dominate model results.

L hitp://iwww.iep.ca.gov/dsm2pwt/reports/DSM2FinalRepe07-19-02.pdf
http://baydeltaoffice.water.ca.gov/modeling/deltai@ing/models/dicu/DICU Dec2000.pdf
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4.2.2 Transport Model Boundaries — Nutrients, salinity ard temperature

Each inflow boundary type, including DICU and eéhi boundaries, is also a boundary for
transported constituents. There are eleven equatiothe transport model, nine of which are

called “nutrients” in this report, plus one equatior salinity and one equation for temperature.
Water temperature plays an important role in natrég/namics but (clearly) has no mass, while
each of the other ten equations in the model reptssa constituent with mass. Salinity is

important in modeling dissolved oxygen saturatias,an increase in salinity can decrease DO
saturation. Salinity generally only plays an impatt role at the Martinez boundary but

otherwise does not play a direct role in nutriggriaimics in the model.

The temperature transport equation requires datddoometric pressure, air temperature, wet
bulb temperature, wind speed and cloud cover. Melegical conditions are used in modeling

the exchange of heat at the air-water interfacténformulation of the heat transport equation.
Modeled water temperature plays a role in the ohteach constituent reaction. Atmospheric
pressure is used in modeling the saturation ofotlies oxygen in water, along with other

conditions such as water temperature, salinityrandration.

The current model formulation only allows for a gien meteorological region for the entire
model domain. As discussed in Section 8.8.3 (settimundary conditions) and in Section 10.2
(temperature calibration), this has proved to béisadvantage in the simulation of modeled
water temperature in DSM2.

4.3 Previous calibration

The DSM2 module HYDRO was recalibrated for flow atdge by DWR and the Interagency

Ecological Program’s Project Work Team in 280RUAL was most recently recalibrated for

salinity in 2000. Salinity is modeled using EC AL, under the assumption that EC can be
approximated as a conservative substance, andusedsas a surrogate for salinity in the model.
Calibration was conducted for 4 separate periddget spring events (May 1998, April 1997,

April 1998) and one fall event (September and Oetd®88). The hydrodynamic calibration

effort made use of tidal flow meter data and meadistages. Roughness coefficients were
adjusted to improve the ability of the model torcefuce measured stage and flow.

The water quality model was calibrated for salimitiyh the use of extensive EC measurements
throughout the Delta. A three year period (Octaf#91 to September 1994) was used for the
calibration. Unlike the hydrodynamic calibrati@nsingle time period was required because the
system is strongly influenced by recent salinitpditions. Reproduction of measured EC values
was accomplished by adjusting dispersion coeffisiémroughout the system.

2 http://www.iep.ca.gov/dsm2pwt/
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The nutrient model in QUAL was calibrated on then Saaquin River, approximately between
Vernalis and Prisoner's Point for the period 1996000 (Rajbhandari, 2001). The main
application of this modeling effort was simulatipgpblems with DO concentration in the region
near the Stockton Deep Water Ship Channel (SDW3kis effort is documented in several
DWR reports, including (Rajbhandari, 2001) and fRandari, 2003). An additional DO model
application of the nutrient model for planning posps is documented in (Rajbhandari, 2004).
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Figure 4-1 Approximate location of the model inflowboundaries (blue stars). The stage boundary is at

Martinez.
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Figure 4-2 Approximate locations of effluent bounday conditions for waste water treatment plants

considered in this report.
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5 Conceptual Model for Nutrient Dynamics

5.1 Background

Figure 5-1 is a conceptualization of the interatdibetween the main constituents used to model
nutrient dynamics in the QUAL mass transport modtiis figure is an adaptation of figures
shown in (Rajbhandari, 2003). Each box (or owaljhie blue region (water) symbolizes one of
the nine equations for non-conservative constisi@nthe transport model. There are equations
for dissolved oxygen (DO), nitrate (NP nitrite (NO)), ammonia (NH), organic-N,
carbonaceous biochemical oxygen demand (CBOD)pphtsphate (P£) dissolved-P in the
Figure), organic-P, and algae. Chlorophyll a (chlk@easurements are used to calculate the
biomass of algae in the model. Salinity is modedsda conservative constituent - it is not
included in Figure 5-1.

Arrows in Figure 5-1 indicate a relationship, maitkhs a temperature-dependent reaction rate,
between two variables or for adding or removing sria or out of the model calculation for a
given constituent, respectively. Water temperaiofiiences the dynamics of the constituent
interactions as a factor in the rate of reactio@s -increase in water temperature results in a
change, generally an increase, in reaction rateavé&sely, modeled DO saturation decreases
with increased temperature.

Although each of the constituents occurs in anzediform in agueous solutions, charges on the
constituents are not used in the model or in teport except where specifically indicated. In
reality, each constituent occurs in a suite of speies in solution with variable charge and
potentially associated with many other aqueous isped@s this level of interaction is not
explicitly accounted for QUAL, no single charge danlegitimately assigned.

An important distinction needs to be made betweem t‘ammonia” and the concentrations of
each of the chemical species N&hd NH". NHs; occurs naturally as a gas that is dissolved in
the aqueous phase, but the gas is also ionizedHgd, Ne. ammonium, in a pH-dependent
reaction in solution. At neutral pH (pH = 7.0), tmajority of the “ammonia” in solution occurs
in its ionized form as Ni. For example, at a water temperature of 25°C tpalibrium
reaction constant, legfor the aqueous association reaction yieldsdapptoximately 50% of the
“ammonia” occurs as NH at pH 9.5. The amount of NHincreases with decreasing pH, so that
at pH 8.5 only about 9% of the ammonia is preseritsi unionized (NK) form. In most of the
Delta, the pH is typically less than pH 8.5 exdeptepisodic, localized increases. Further detail
on these calculations is found in Appendix Secti@riO.

12
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Because QUAL does not explicitly model pH and carthstinguish between the unionized and
ionized forms, the term “ammonia” is used in thépart to indicate the total concentrafiaf
[NH3] + [NH4']. A simplifying assumption in interpreting modasults is that the majority of
the "ammonia” concentration reported in calculasios occurring in the ionized “ammonium”
form. Measured data collected for setting boundanyditions and as calibration/validation data
is generally reported by the collecting agency asrhonia”, and is actually reporting the total
[NH3] + [NH4'].

The conceptual model for each constituent is dsedisn greater detail in the following sections.

5.2 Nutrient Model formulation

The ten equations that comprise the nine non-ceasee constituents in the nutrient model plus
temperature are discussed individually below. Tdugaéon for salinity, the conservative
constituent, is not discussed. Each mass balanaieq represents the mass per unit volume of
water. The transport of the constituent due to efilme is not shown due to the assumption of a
Lagrangian reference frame that moves through ¢ineath at the mean velocity of the water -
additional information can be found in (Rajbhanda@95a and 1995b).

Table 5-2 and

Table 5-3 detail the 47 adjustable parametersaifeatised in the equations. Some of the symbols
appearing in the Tables do not appear explicithaequations. Parameters that appear in the
equations that are not listed in the Tables armeéeéfat their initial appearance in the text.

There are sixteen temperature coefficients fortr@acates shown in

Table 5-3. Temperature coefficients are definethieyrelationships k(T) = k(20f" ~%%, where

k(T) is the reaction rate ddwt temperature T in °C ar@ilis the user-defined temperature
coefficient for the reaction shown in the TableeMalues used for these coefficients were set at
standard literature values.

% Unlike the convention in aqueous chemistry, sqsaekets are used to symbolize the concentrafiam o
agueous species (not the activity) in solution. Whiés of concentration are understood to be thies imthe model
unless specifically stated otherwise.

13
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Table 5-1Definitions for variables appearing in egations 1 — 10.

Variable Symbhc ModeledConstituer
) DO
L CBOD
NH; Total ammonia as N
NO, Nitrite as N
NO; Nitrate as N
A Phytoplankton biomass
N-org Organic nitrogen
P-org Organic phosphorus
PG, Orthophosphate as P
T Temperature

14




Draft Final Report, October 2009

5.2.1 Temperature

The formulation for the transport of temperaturg¢hi@ model, equation (1) was adapted from the
QUAL2E model (Brown and Barnwell, 1987), with sealerchanges documented in
(Rajbhandari, 1995b). Water temperature influenttes interactions between the modeled
constituents as discussed in the overview to tadién.

The net transfer of energ®,, across the air-water interface is formulated asmation of net
short wave radiation flux, net long wave atmosphaadiation flux, water surface back radiation
flux, evaporative heat flux and sensible heat fllixe expressions accounting for this energy
transfer are functions of the meteorological ingatst shown). In the equatiop s the density

of water,C is the specific heat of water adds the hydraulic depth of the wat&is the
longitudinal dispersion coefficient.

o] _a[. ot Q/
Ll " |E 2| +%h
ot ag{ § 65} ped

5.2.2 Dissolved Oxygen (DO)

DO concentration is a critical indicator of the geal health of an aquatic ecosystem
(Rajbhandari, 1995a; Cole and Wells, 2008). Eguai2) specifies the rate of change in DO
concentration due to sources (reaeration and pyratessis), sinks (CBOD, oxidation of NH
and NQ, algal respiration and benthic demand) and digper3he expressions used to model
DO saturation and reaeration are discussed inldet@gajbhandari, 1995a).

Benthic oxygen demand represents a generic expresecompassing several processes in the
sediment that remove oxygen from the water colunmetyuding the decay of organic matter and
utilization of dissolved oxygen by benthic sped®sch as clams) and macrophytes.
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%;%{E a[?]} (k, +k) L +k, (0, =[0]) - ack, [NH,] - agk,; [NO,] + @ u[Al - @, p[ A] - K/

Diffusion CBOD Reaeration Ammoniaox. Nitrite ox. Photosynthsis Respiratio Benthic

(2)

5.2.3 Carbonaceous Biochemical Oxygen Demand (CBOD)

Carbonaceous biochemical oxygen demand refersetpdtential for microorganisms to consume oxygetineg utilize organic-
carbon substrates. A related measurement is nitoageBOD (NBOD) — this refers to the oxygen consditmg nitrifying bacteria as
they consume organic and inorganic materials thatagn a reduced form of nitrogen. Collectively, @B+NBOD is called BOD,
and tests that measure any of the three forms @s@ira number of days, typically five or twentysaFor the purposes of this
project, we utilized CBOR a five-day test for CBOD. Further detail is foundhe Appendix | Section 17.3.

Equation 3 accounts for the sources and sinks @QBue to the death of algae or oxidation, respelsti

%::_{{E a['ﬂ (K, +k) L+, [A] (3)

5.2.4 Algae (Phytoplankton)

Equation 4 accounts for the biomass of algae imtbdel. Algae utilize chlorophyll pigments to cortveolar radiation to energy, and
chlorophyll a (a particular form of pigment) mea=uents are typically used as an indicator of &dgahass. A conversion factor is
used to convert chlorophyll a concentrations talabjpomass. For this project, we used a conveffsiotor of 67 g algae/mg chl-a
(Clesceri et al., 1999), although there are maffgr@int algal species (Cole and Wells, 2008) wehable characteristics including
growth rates, preferred nutrient sources, and seokthlorophyll per unit of mass.
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oAl _ _E{ o[A ]} (u-p)[A - Ul[A%-aG[A]

ot

Algal growth is a function of the difference betwdbe respiration rate, and the growth rate,
i, of this generic algal population. The growtlaigal biomass is assumed to be limited by
availability of light,F_, inorganic nitrogen\, as the sum of the concentrations of Ntid NQ,
and inorganic phosphorug, as expressed in the following equation (4a):

) N P
= F Min ,
H = Hyax FL VI (KN N Kp"'Pj (4a)

whereKy andKp are the half-saturation constants of nitrogen@rasphorus, respectively, is
further expressed as a Monod equation as a funefibght intensity at a given depth
(Rajbhandari, 1995a).

As shown is subsequent sections, the generic bigadass is assumed to be composed of a set
ratio of N:P concentrations, although this ratia gary between different algal species.

5.2.5 Organic nitrogen (Org-N)
Organic nitrogen dynamics are represented by enuéti

d[N-org] _ a e d[N - org]
ot 0&| ”~ o0&

The only source of nitrogen due to nutrient dynanaiccurs as a result of algal respiration as a
fraction of the algal biomass assumed to be nitto@eg-N is lost from the system as it decays
and settles.

} +t, oA~ Ky g [N - 0rg] - 0[N ~0r0] 5

Because organic-N measurements are frequently uialalea Total Kjeldahl Nitrogen (TKN)
can be used to calculate organic-N if ammonia nreasents are also available, as TKN =
organic-N + ammonia.

5.2.6 Ammonia (NH,)
Ammonia nitrogen dynamics are represented by equéti

o[NH,] _ 8 [_ a[NH,] s
S ) g%
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Although ammonia concentration is representedimefuation by the formula NHin fact the
concentration of ammonia is assumed implicitly écthe total of aqueous NHg) and NH, as
discussed previously. NHis a nutrient source for algae, as isgN@nd the preferential
consumption of these two sources of nitrogen ismgivy a preference factor, G:(p < 1.0, in the
following expression:

_ pINH,]
p[NH,] + (1- p)[NO,]

(6a)

where the square brackets indicate modeled coratemtr

5.2.7 Nitrite (NO ,)

In equation 6, NKlis seen to decay at a set rate — in equation Se@ehat that the Nthas
decayed into N@

o[NO,] _ o [ a[NO,]]
o _GE[EX i } K, [NO,] + K [NH,]

5.2.8 Nitrate (NO,)
Nitrate dynamics are given by equation 8. Here @eethat NQ has decayed into NO

% :;_E{EX 0[?_?3]} ~(1- f)a,u[A + k,;[NO,] ()

Nitrate is consumed by algae, where the rate isnasd to be governed by the preference of
algae for NH or NGs.

5.2.9 Organic Phosphorus (Org-P)
Equation 9 shows the sources and sinks for orgtRemutrient dynamics:

o[P - org] :i{EX o[P -org]

ot 0f 0F } +a, p[Al = Ko_or, [P —0rg] - o5 [P - 0rg] (g)

5.2.10Dissolved Phosphorus (PQ)

The final equation represents the sources and sink®rganic phosphorus, which is assumed to
the concentration of ortho-phosphate ,PO

18



Draft Final Report, October 2009

o[Po,] _ o [_ a[PO,] a,
T —a—E{EX a—f} - 0’2/,1[A] + kP—org [PO4] + A(lO)

5.2.11Reaction Rates and Parameters

There are 16 Regional Reaction Rate parameterse(bab and Table 5-3) that can that can be
varied by channel in the grid as well as in eacknopater body (reservoir). There are 31 Global
Reaction Parameters that are set for the entireehttminain. The sixteen temperature
coefficients for reaction rates (Table 5-3) aregtebally. The values listed in the “Calibrated
Values” column give the ranges set in the model.

19



Draft Final Report, October 2009

Growth+Photosyn Atmosphere_ Exchange Heat and 02' —_— Bacterial Decay

. . — Respiration
, PressureInfluences DO Saturation in Water o
Settling ==) Oxidation

3 ¢+ B
1l

O

Dissolved

€= = = = [ ——

Benthic Source, Demand

vi il

i

CBOD

Organic-P

)

\ 4
Dissolved-P
A

NA e

\ 4
“ Chlorophyll-a

(Algae)

Sediment - ﬂ

Supplies Dissolved-P, NH; to Water
Receives Algae, CBOD, Organic-N; Uses O,

(\ 73

Water — Depth Influences Sediment
NH; and O, Dynamics, Algal Settling

<€
€

A 4

—

Figure 5-1. The interactions between main constitugs, and external influences (an adaptation from dginal DWR references). Water temperature
(blue region) influences reaction rates, denoted bagrrows.
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Table 5-2 Parameters used in the model equations

Symbols Description Lit. Range  Calibrated Units Source
Min/Max Values
- Nitrite decay rate at the ambient temperature 2-2 2.0 day Rajbhandari (1995)
kn+%y, Ammonia decay rate + Nitrite decay rate at the amtiemperature 0.001-1.3 - day Bowie et al. (1985)
L r— Rate constant for hydrolysis of organic nitrogetemonia nitrogen  0.02-0.4 0.1 day Rajbhandari (1995)
at the ambient temperature
a Organic nitrogen settling rate at the ambient tewupee 0.001-0.1 0.0-0.01 day Rajbhandari (1995)
-'t_.,_wg Organic phosphorus decay rate at the ambient teryper 0.01-0.7 0.05-0.1 day Rajbhandari (1995)
oy, Organic phosphorus settling rate at the ambienpéeature 0.001-0.1 0.0-0.9 day Rajbhandari (1995)
oy Benthic release rate for orthophosphate at thaearhtemperature 1.0 0.0-0.1 mg 17 day® Rajbhandari (1995)
(mass transfer rate @14 in the sediment) 0.0816 m day* Sanford and Crawford(2000)
0.057-21.0 mg m? day* Cole & Wells (2008)
oy Benthic release rate for ammonia-N at the amb&mperature 4.0 0.0-0.14 mg 17 day® Rajbhandari (1995)
(mass transfer rate ¢{H3 in the sediment) 0.06-0.1464 m day* Sanford and Crawford(2000)
Cole & Wells (2008)
Ky Benthic oxygen demand 30— 300 30 - 300 g it day® Rajbhandari (1995)
0.3-5.8 g m? day* Chapra (1997)

Temperature Coefficients for Reaction Rates

6(1) BOD decay 1.047 1.047 Wilson et al. (1998)
1.02 Cole & Wells (2008)
orz) BOD settling 1.024 1.024 Wilson et al. (1998)
&%) DO Reaeration 1.024 1.024 Wilson et al. (1998); Chapra (1997
E(4) DO SOD 1.060 1.06 Wilson et al. (1998)
1.04-1.13 Cole & Wells (2008)
Bi5) Organic-N decay 1.047 1.047 Wilson et al. (1998)
6ia) Organic-N settling 1.024 1.024 Wilson et al. (1998)
1] Ammonia-N decay 1.083 1.083 Wilson et al. (1998)
BiE) Ammonia-N benthic source 1.074 1.074 Wilson et al. (1998)
153 Nitrite-N decay 1.047 1.047 Wilson et al. (1998)
6{10] Organic-P decay 1.047 1.047 Wilson et al. (1998)
6ri1] Organic-P settling 1.024 1.024 Wilson et al. (1998)
G612} Dissolved-P benthic source 1.074 1.074 Wilson et al. (1998)
613 Algae growth 1.047 1.047 Wilson et al. (1998)
6(14] Algae respiration 1.047 1.047 Wilson et al. (1998)
6(15] Algae settling 1.024 1.024 Wilson et al. (1998)
6(18] Algae death 1.047 1.047 Wilson et al. (1998)
[l the non-dimensional temperature multipliers of tieac 1.045-1.08 Bowie et al. (1985)
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Table 5-3 More equation parameters

Symbols Description Lit. Range  Calibrated Units Source
Min/Max Value
Global Reaction Parameters
i Amount of oxygen consumed in conversion of ammamiaitrite 3.0-4.0 3.0 - Rajbhandari (1995)
g Amount of oxygen consumed in conversion of nittitenitrate 1.0-1.14 1.14 - Rajbhandari (1995)
P Preference factor for ammonia nitrogen 0-1.0 0.5 - Rajbhandari (1995)
- Conversion factor 10-100 14.9 ug-Chla g Rajbhandari (1995)
1y Fraction of algal biomass, which is nitrogen 0.0090 0.09 - Rajbhandari (1995)
0.02-0.11 Cole & Wells (2008)
s Fraction of algal biomass, which is phosphorus Qop 0.012 - Rajbhandari (1995)
0.001-0.03 Cole & Wells (2008)
o, Amount of oxygen produced per unit of algal photdbgsis 1.4-4.8 1.60 - Rajbhandari (1995)
oy Amount of oxygen consumed per unit of algal respire 1.6-2.3 2.0 - Rajbhandari (1995)
K, Half saturation constant for light 0.02-0.1 0.085 Kcal ths? Rajbhandari (1995)
Ky Half saturation constant for nitrogen 0.01-0.3 0.05 mg L Rajbhandari (1995)
0.01-4.3 Cole & Wells (2008)
Kz Half saturation constant for phosphorus 0.001-0.05 0.035 mg Rajbhandari (1995)
0.001-1.5 Cole & Wells (2008)
Ay Non-algal portion of the light extinction coefficie 0.116 0.26 i Rajbhandari (1995)
FR Linear algal self shading coefficient 0.002-0.02 00R 2 (ug-Chla )T Rajbhandari (1995)
ER Nonlinear algal self shading coefficient 0.0165 169 ft* (ug-Chla L)) Rajbhandari (1995)
A Algal mortality contribution to BOD 1.0 1.0 day Rajbhandari (2002)
Regional Reaction Rates
ky CBOD decay rate at the ambient temperature 0.02-3.4 0.12 day* Rajbhandari (1995)
0.01-0.06 ? Cole & Wells (2008)
fx Rate of loss of CBOD due to settling at the ambientperature -0.36-0.36 0.1 day Rajbhandari (1995)
s Maximum growth rate at the ambient temperature 3100- 1.0-3.0 day Rajbhandari (1995)
a2 Phytoplankton respiration rate at the ambient teatpee 0.05-0.5 0.15 dayt Rajbhandari (1995)
0.01-0.04 Cole & Wells (2008)
7y Phytoplankton settling rate at the ambient tempeeat 0.5-6.0 02-15 ft day Rajbhandari (1995)
0.06-33.0 Cole & Wells (2008)
5 Phytoplankton death rate at the ambient temperature 0.2 0.11-0.7 ft day Rajbhandari (2002)
0.03-0.3 Cole & Wells (2008)
K, Ammonia decay rate at the ambient temperature 0.1-1.0 0.05-0.20 day Rajbhandari (1995)
Ammonium decay rate 0.001-0.95 Cole & Wells (2008)
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6 Data Sources and Data Refinement

Several data sources were identified for data reeedéhe development of boundary conditions
and for the model calibration and validation effditata quality was assessed and several
approaches were used to improve the representatithre data. Details on the data sources and
the data gathered for the entire modeling effa@tavered in Appendix Section 17.2.

Constituent concentration data was reported inri@tyaof measurement units depending on data
source. Reported concentrations were convertedits of mg L}, the measurement unit used in
QUAL, in terms of the molecular weight the atom relederizing the chemical species. For
example, the concentration of orthophosphate,, B ralculated as milligrams of R®, not in
terms of the molecular weight of the entire speies, without accounting for the weight of the
oxygen atoms in the chemical species).

6.1 Data Sources

Raw data were downloaded from the BADWR’s Water Data library IEP, CDEC and
USGS websites. Meteorological data were downloaded filwenCIMIS’ website, and access to
NOAA meteorological data were purchased and dova@dddrom NOAA (NNDC Online Store,
NOAA data Center). Some data were obtained dirdaily individual researchers or from
individuals identified as representing an orgamatEffluent data were obtained from sources
in the Central Valley and San Francisco RegionaléMuality Control Boards, directly from
contacts at the individual waste water treatmeamtsl or from previous compilations of effluent
data. Measurements upstream and downstream oéefffwtfalls, called receiving water
measurements, were collected when available. Adl daurces obtained from individuals in any
of these ways (i.e., not downloaded directly fropudlically available database) are
documented in Section 17.2 in Appendix I.

* http://bdat.ca.gov/

® http://www.water.ca.gov/waterdatalibrary/
® http://www.iep.ca.gov/data.html

" http://cdec.water.ca.gov/

8 http://sfbay.wr.usgs.gov/access/wqdata/

? http://wwwcimis.water.ca.gov/cimis/welcome.jsp
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6.2 Data processing methodology

Measurement unit and data measurement methodolagg whecked in each data set for
consistency with DSM2 model assumptions. Latitumliegltude (lat-long) co-ordinates were
obtained to verify the position of the data acdigsi location and to ensure appropriate
placement in the model. Data downloaded from th&BWebsite, lat-long co-ordinates of the
measurement location, and the name used in mottell@d@ons are documented in Table 17-2
through Table 17-4 in Appendix Section 17.2. Rawadaere downloaded either in EXCEL
format, CSV format, tabular text format, or in soreses, was downloaded in DSS format
directly to the program HEC-DSSWle

Data obtained in anything other than DSS formatired further processing for use in setting
model boundaries, as DSM2 uses the DSS data fo(employed in HEC-DSSVue) for
importing the data into model simulations. MATLABdes and other data processing tools were
developed to automate much of the transfer to D@8&dt. Irregular time series data were
further processed into regular time series datai$erin setting boundary conditions, typically as
daily data with linear interpolation between theegularly-spaced data points. Processing
irregular data into regular time series was noeseary for plotting or for residual calculations.

6.3 Data Quality

Data quality was mixed, depending on the constttuéil data were assessed visually (by
plotting) to check for unreasonable valuesy(,negative numbers) and in comparison with data
at nearby locations. When problems with data qualiearly occurredd.g.,all nearby stations
had significantly different magnitudes), suspec¢adaere deleted from the time series.

Continuous time series data (15-minute or hourbided to suffer from large gaps in
measurement. For example, temperature data atlsgatéons would decrease in magnitude and
suddenly jump in value, as illustrated in Figur&.8zontinuous time series of temperature and
DO data were available at or near the main modehdaries on the Sacramento River, the San
Joaquin River and at Martinez at well as at sevetfar locations. There were frequently large
gaps in the data during the modeled period for eathese data types.

Chl-a data from continuous measurement equipmenfiuasescence was deemed to be of
insufficient quality to use in setting model boundaonditions or as calibration data. Jassby
(2005) converted fluorescence values into chlordpghygoncentrations using linear regressions
between grab sample chlorophyll a data paired thi¢hnearest recorded fluorescence data as a
method for conversion to chl-a mass units. We alsalyzed fluorescence data for this project
and developed regression relationships betweemetigence and chl-a data at Hood, Mossdale

10 http://www.hec.usace.army.mil/software/hec-dssfsseue-dssvue.htm
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and Martinez obtained from BDAT. The model fitspaim in the Appendix Section 17.4 Figure
17-19, Figure 17-20 and Figure 17-21 respectiveigre poor. Muller-Solger (2002) observed
that fluorescence and corresponding chlorophglbncentrations measured in grab samples were
often low (Chl.a< 5 ug/L) and only weakly correlated with each othe

The quality of grab sample data for the nutrientsswgood, although it was generally only
available at approximately monthly or bi-monthlyervals. However, data gathered by different
agencies could have different ranges of values.

Figure 6-3 shows a comparison of Environmental Mwoitig Program (EMP) and USGS
measurements at Rio Vista and Point Sacramento.ofiggal measurement of chlorophyll a
was converted to algal biomass as described inidBsct.5.2. and 5.2.4. Both agencies
performed these measurements at irregular interapfsroximately monthly. The measurements
are within the same range of magnitude in most hgriiut could also vary by factors of 2 — 5,
particularly when a peak occurred. The generakpatvas similar.

Figure 6-4 shows similar comparison for DO datah&t same locations. The measurements
generally track very closely, both in magnitude grattern. Figure 6-5 shows NENO,
measurements — again they track fairly closely agnitude when taken at similar times.

The situation for PQis quite different. Figure 6-6 shows the interfagecomparison at Point
Sacramento is not very good. In addition to diffies in magnitude of up to a factor of four,
there is no apparent similarity in pattern.

Figure 6-7 through Figure 6-9 show interagency canmspn at similar locations on the lower
Sacramento River below the confluence — compariragtinez and Suisun at Bulls Head and
Chipps and Pittsburg. As with the direct locatimmparisons, algae (Figure 6-9), DO (Figure
6-9), and N@+NO; (Figure 6-7) track closely in magnitude and pattevhile PQ (Figure 6-8)
measurements vary widely in magnitude with no agmigpattern.

6.4 Missing data

Although boundary conditions require that data gé#es filled in some manner prior to
application, data for calibration and validatioqueed no further modification after suspect data
were removed.

Several methods were used to fill gaps in timeeseonf data. Missing data for effluent
boundaries and flow boundaries presented slightfgrént problems and different approaches
were used for each. The methodology for settintuefit boundary conditions and the time
periods when effluent data were available for eechstituent is covered in Section 8. The
methodology for filling large data gaps in boundagndition data focused on setting values
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using Water Year Type as the primary criterion. Teasoning behind this is discussed in
Section 10.

For continuous temperature and DO time series tsaét river inflow boundary conditions at
Sacramento, Vernalis and Martinez, the softwarekage CatMV 1.1 was purchased to
automate gap filling. The statistical methodologsed: in this package, Singular Spectrum
Analysis (SSA), is described in Appendix Section51This method was generally used to fill
short (~ 2 week) gaps for an entire year or twa, eccasionally to fill longer gaps (upto 1 — 2
months). Figure 6-2 illustrates the results whepsga water temperature for the Sacramento
boundary condition were filled using the CAT-MV &eére.

When an entire year or a large portion of a yeadaté were missing for DO or temperature, a
(filled) year of the same Water Year Type was usectkplace the missing data. The reasoning
behind this method is explained further in Sec8dh3.

Some data gaps were filled “by hand” using datanfeonearby time period (for example, when
temperatures were constant), by selecting data fotime period in a different year with a
similar trend and magnitude, or by using data feomear-by location. In cases where the gap
was very small, linear interpolation was used bodfata gaps, although this method was rarely
used with continuous measurement data. Linearpalation was used on irregular time series
when converted to regular interval data — thidhes default methodology used in HEC-DSSVue
for conversion to regular time series.

For meteorological data, the gaps in NOAA cloud exodata were estimated using solar
radiation data (from CIMIS). For example, the gapscloud cover were filled using similar
patterns of solar radiation. If solar radiationadaiere not available, the gaps of cloud cover were
just estimated comparing the cloud cover just keefar after the gaps. Wind speed data gaps
were filled using time data from periods with sianilvind magnitudes in the same season.

When data values were missing because they weogvbestrument detection limits, the value
was set at the half the stated value of the detedtmnit, for both boundary condition data and
for comparison in calibration data. In calibrati@omparisons of model with measurements at
the detection limit are a potential source of hiaghe statistical measures. However, such
measurements are typically within the uncertairitthe model calculations. This is discussed in
Section 10.

11 hitp://www.distatgroup.com/cat/detail. html#mv
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7 Data Availability: Time Span and Locations

Data were needed to set concentrations for eatlfeafleven constituents at each river boundary
illustrated in Figure 4-1 at each effluent boundahpwn Figure 4-2, and at the 258 DICU
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boundaries for the modeled time period, 1990 — 20@8addition, data were needed for
calibration and validation of the model.

No data were available to constrain modeled nutrismncentrations or to set boundary
conditions in the Yolo/Cache region. Only a few sw@aments were available in Suisun Marsh.

7.1 USGS Data

Figure 7-1 shows the locations of water qualityadaincluding nutrient measurements,
downloaded from the USGS website. Data were availabirregular intervals and, depending
on the constituent, were sparse at some locatieigsire 17-3 and Figure 17-4 illustrate the
availability of nutrient data at USGS locationsnrd990 — 2008 (except temperature).

Measurements, which were generally made at demtfenments of one meter, include water
temperature, DO, nitrite, combined nitrate+nitribethophosphate, chl-a, and pH (pH was only
used in an ancillary manner). Except for tempeetoreasurements tended to be concentrated at
the 1-meter or 2-meter depth at each location. Beatpre data were consistently recorded at
each available depth, while nutrient data weresspat many locations.

Nutrient data from a single depth, usually 1-meteas used although occasionally a couple of
data points from one depth below or above were tsdétl in missing data. For example, chl-a
data from the 2-meter depth had the greatest freyuef measurement, but occasionally a gap
occurred and data at 1-meter was available and taséll the gap. This strategy was utilized
when an analysis of the measurements indicatedromigr variation with depth.

Figure 7-2 and Figure 7-3 are plots of temperawith depth along the Sacramento River
transect defined by the USGS station locationseNudt, the variation in temperature with depth
is very small on August 15, 2006, indicating thabrae-dimensional representation used in
DSM2 is sufficient for modeling temperature alohg Sacramento River.

7.2 U.C. Davis - R. Dahlgren and M. Johnson

R. Dahlgren from U.C Davis supplied several yedrdata (mid-1999 to early 2005, depending
on location) comprising a complete suite of measwvater quality parameters at several model
boundary locations (see Figure 7-4). Measured peters were used (see Appendix Section
17.10) to develop chemical speciation models atSheramento and San Joaquin River model
boundaries using the modeling package E&3#hd data base. These models were used to
establish a general sense of the aqueous specssduiion at these important boundaries. The
modeling results are discussed further in Sectién 9

12 EQ 3/6 is an equilibrium chemical speciation mat®leloped by T. J. Wolery at Lawrence Livermore
Laboratory ; http://www.osti.gov/bridge/servietsiigb451946-jmax2i/6451946.PDF
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Mike Johnson supplied an Access database of watdityymeasurements in the Delta. The data
were not utilized except to confirm data availdpili

7.3 WWTP Receiving Water Measurements

An important source of long-term measurements @ 3hn Joaquin River was the Stockton
WWTP measurements for receiving waters. The lonatiof the measurements are shown in
Figure 7-5. Grab sample measurements were takerchiea, nitrite, nitrate, ammonia, DO
(bottom and mid-depth), organic-N and BOD-10 or B&Qthe frequency of the last two data
types is very limited). Figure 17-5 and Figure 1lil@strate the availability of nutrient data
measurements from Stockton’s WWTP receiving watiesn 1990 — 2009 (except for
temperature).

Two locations of Sacramento Regional (Sac Regio&)y/TP measurements for receiving

waters on the Sacramento River were used, one aheveffluent outfall location at Freeport

Marina and another downstream of the outfall aeRMile 44 (RM-44) as shown on Figure 7-6.

Some measurements were available on their wébsiténfrequent intervals from 2004 — 2008.

Figure 17-7 shows the availability Sac Regionakndng water nutrient measurements. Data
values obtained from the website are documenteppendix | Section17.2, in Table 17-5 for

Freeport Marina and in Table 17-6 for the RM-44akian.

The Fairfield-Suisun WWTP also had a few receivvager measurements at several locations
downstream of the effluent outfall locations. Thesze not used.

7.4 WWTP Effluent Data

Data were obtained for the effluent flow and nutrieomposition from 17 WWTPs. The
approximate location of the outfalls is shown igufe 4-2. The time periods and availability of
constituents is shown in Table 17-7 and in Tabl81[Data for Vacaville, Davis and Woodland
was gathered but not yet implemented as the Libdskaynd recalibration was not available at the
time of calibration. Because they are located detsif the model domain, estimation of flow
containing their effluent into the Yolo/Cache aregeds the support of additional flow data.
Benicia effluent data does not need to be consida@sehe outfall is downstream of the model
boundary at Martinez.

The source of the data for each WWTP is listedahl& 17-1 in the Appendix.

7.5 BDAT

The data obtained from the BDAT data base wasdhecs for most of the nutrient data for the
modeled constituents, both for boundary conditiang for calibration and validation. The data

13 http://www.srcsd.com/
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were mainly grab sample measurements in the fornrrefular time series at intervals of
approximately one month, occasionally with gapgears in measurement.

The most complete set of related data measurentaw®loaded from BDAT, or obtained
directly from DWR staff, was gathered by the EMRVR's EMP has gathered data from several
sites within the Delta on a long-term basis. Figlire8 through Figure 17-14 illustrate the data
availability of EMP and BDAT measurements from eas sources (except for temperature).

Nutrient data were available at the Martinez boupder all of the constituents except organic-
P. A combination of data from BDAT and data frone tiSGS database was used. At the San
Joaquin River boundary at Vernalis, nutrient datxenvavailable either at Vernalis or 25 km
downstream of Vernalis at Mossdale. For each cuesti except organic-P, data were obtained
from BDAT at Hood, Greens Landing, and occasion&ityn points further south to develop
concentrations at this boundary.

Table 17-2 through Table 17-4 in the Appendix gittes entire list of data locations found in
BDAT. At some of these locations, data consistead ééw data points, so these data were not
used. Some locations were very close, so data cbelc¢onsidered to be from the same
measurement location.

Figure 17-15 through Figure 17-17 show the locatibohl-a measurements. Measurements for
nitrate+nitrite, ammonia, DO, orthophosphate arghoic-N were generally also found at these
locations.

7.6 Other Sources

An Access database of water quality measurements deaeloped for the Central valley
Drinking Water study to characterize drinking wageality within the jurisdiction of the Central
Valley Regional Water Quality Control Board. Theadaet ended in 2004, but included NPDES
measurements at locations within and just outdideDelta. Storm water data were included nut
not used.

Data from upstream locations on the SacramentorRireen the data base Municipal Water
Quality Investigations branch of DWR. NHNO;, NO;+NO, and PQ data were obtained at

Freeport. This data is discussed further in Sec8@4 in a discussion of setting boundary
conditions at the Sacramento River boundary.

7.7 Data Availability by Category

7.7.1 Meteorological Data

The original nutrient model developed to invesega problems on the San Joaquin River near
Stockton used meteorological data measured atttdokiBn airport by NOAA. Two issues were
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identified with the use of this original data set the current modeling effort. The first issue is
that data for each of the required inputs was matlable from NOAA at this location prior to
1996. In addition, in the process of calibrating temperature model, it was found that there was
sufficient variability in meteorological conditiorscross the Delta to render the single Stockton
dataset ineffective in modeling water temperatwmss the entire Delta. CIMIS data were
collected to supplement the original NOAA data set.
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Table 7-1 shows a comparison in measurement mettgpddor the NOAA and CIMIS data
measurements.

Figure 17-25 shows the locations of the Stocktash @MIS meteorological measurement data
reviewed for this report. NOAA Stockton meteorolmdimeasurements were used for the entire
period except for wind and wet bulb measurementlwivere only available from 1996 to
2008. CIMIS Brentwood wind speed measurements weee for the early period 1990 - 1995
as measurements were available for the entire pemed. Wet bulb was not available before
1996, and was instead calculated (see Appendixtidd.7.7).

7.7.2 Water Temperature Data

Water temperature data were generally availableegslar time series at hourly intervals, or

occasionally at 15-minute intervals. Much of thenperature data were obtained from the DWR
Water Data library, or from the IEP and CDEC dassisa The data were of mixed quality,

although data quality and availability generallypnoved after 2000. Figure 17-26 shows the
locations where water temperature data were avail@bthe Delta. Figure 17-27 and Figure

17-28 indicate the time periods and quality of datailable. Discussion of the years selected for
calibration and validation is covered in detaiSection 10.2.

7.7.3 DO Data
DO is the only nutrient for which continuous timeriss were available, and they were
downloaded from the IEP and CDEC data bases. GanisnDO data were generally sparse and
noisy with large data gaps. DO measurements inirttezior of the Delta were available as
regular time series at five locations (Rio Vist& AR 075, RSAN007, RSAN058 and RSAN061)
and as irregular time series from the USGS and BldAfaBbases and from the Stockton WWTP
receiving water data.

Some USGS measurements were used to help conbtaimdary conditions, but they were
mainly used in model calibration and validation.

7.7.4 DICU Data

DICU nutrient data were set as constant valuebenptrevious DO-models (Rajbhandari 1995a,
2000, 2001, 2003). Additional data were obtainednfMWQI staff. The data were not taken at
outfalls into the Delta and it was generally spamne from the early years of the model, and so
was deemed of marginal value given the large eitfevbuld take to collate the data.

7.7.5 Chlorophyll a (Chl-a)

As mentioned in Section 6.6.3, Chl-a measurementsvell from continuous measurement
equipment as fluorescence was deemed to be officisnf quality to use in setting model
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boundary conditions or as calibration data. Grabpa measurements were used exclusively for
chl-a.
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Figure 7-1 USGS nutrient and other water quality paameters measurements (blue crosses) were utilizé@m location 8 downstream from Martinez to

location 657 at Rio Vista.
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Temperature Changes 07/17/06 Along the Sacramento River:
Martinez to Pittsburg
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Figure 7-2 USGS temperature data at various depthsom Martinez to Pittsburg on July 07.2006
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Temperature Changes 08/15/06 Along the Sacramento River:
Chain Island to Rio Vista
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Figure 7-3 USGS temperature data at various depthfsom Chain Island to Rio Vista on August 15, 2006.
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Figure 7-4 Approximate location of data (indicatedby yellow stars) in Dahlgren’s (UC Davis) data satsed to

help define nutrient boundary conditions.
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Figure 7-6 Location of the two Sacramento RegionAVWTP receiving water measurements used in this
report — Freeport Marina and at River Mile 44.
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Table 7-1 Meteorological data — the difference beteen CIMIS and NOAA measurements, such as

measurement height above ground, timing (instantareus vs. average).

Vapor Pressure

Precipitation

Evapotranspiration

CIMIS NOAA
Measure height 2m 10 m
Frequency Hourly/Daily averaged Hourly
Constituents Solar Radiation Sky Condition
Visibility
Weather Type
Air Temperature Dry Bulb
Soil Temperature Wet Bulb
Dew Point Dew Point
Relative Humidity Relative Humidity
Wind Speed Wind Speed
Wind Direction Wind Direction
Wind Gust Value For Wind Character

Station Pressure
Pressure Tendency
Pressure Change
Sea Level Pressure
Hourly Precipitation
Altimeter

Stations in Delta

Brentwood (Jan98 - DecO
Concord (Apr01 - present)
Hasting Tract (Jan98 -
present)

Lodi (Jan98 - Dec00)

Lodi West (Sep00 - present
Manteca (Jan98 - present)
Tracy (SepO1 - present)
Twitchell Island (Jan98 -
preser)

btockton (88-present)

N—r
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8 Setting Boundary Conditions

Figure 4-1 shows the locations of the standarddfstl model boundaries and Figure 4-2 shows
the locations of the effluent boundaries. The valused to set boundary conditions were
dictated by the availability and quality of dataydaalso on a practical limitation in QUAL.
QUAL has a limit on the number of time-varying \&oies (15MIN, 1HOUR, 1DAY) that can
be used in any simulation, so some boundaries s&trat monthly intervals (i.e., as constant
over each month) or as a constant even if timeiwgrgata were available more frequently
during part of the application period. Dependingtb@ sensitivity of the model calculations to
changes in the concentration of a constituent,nstemt concentration boundary was sometimes
deemed reasonable even when other data were deailalsome cases, modification of the data
were needed for constituent input values at inflesundaries when data were not available
directly at the boundary location.

A number of the effluent sources of interest fomaonia and the other nutrients lie within the
Suisun Bay and the Carquinez Strait (Figure 4-B).QUAL, outgoing tides transport water
quality constituents from these sources down gastMartinez boundary and out of the model
domain. In the physical system, these constituamald flow back into areas upstream of
Martinez on incoming tides, but in QUAL the comgiga results in a loss of mass at the
Martinez boundary which has the potential to sigaiftly alter modeled nutrient concentrations
and thus nutrient dynamics upstream of this boundBecause this area is of significant
importance to the Delta ecosystem, an estimatecaigsilated of the magnitude of this loss. In
addition, the potential exists to alter the Martitmundary conditions in subsequent model runs
to reintroduce this mass on incoming tides. Thesequences of this observation are discussed
in detail in Appendix Section 17.11.

8.1 Flow and salinity

Except for effluent boundaries and the three exoeptnoted below, boundary conditions for
HYDRO and concentrations of salinity (as EC) in QUwere accepted as presented in DWR'’s
Historical model.

Small problems identified in the Martinez stage rtdary in 2007 and 2008 were corrected, and
updated data on diversions and exports to ContstaCé/ater District was implemented for
2008.

Inflow data for the “Lisbon Toe Drain” in the YoBypass region (CDEC symbol “LIS”) was
implemented for several years (approximately 2002008). During periods where the DSM2
flow boundary condition for the Yolo was above D@fJs and the Lisbon Toe Drain flows were
also above 2,000 cfs, the value of the Lisbon ToairDflows was subtracted from the Yolo
boundary. As shown in Figure 17-29, the Yolo flavged in DSM2 are only positive at the same

time as Lisbon Toe Drain flows (Lis in the Figure)en Lisbon Toe Drain flow exceeds 2,000
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cfs. At this value, it is reasonable to assume they were already included in Yolo Bypass
flow estimates in DSM2. Note that the USGS onlyorép Yolo flows (at their Woodland
station) above 1000 cfs.

8.2 Meteorology

Meteorological data is set at hourly intervals v tmodel. As mentioned previously, several

problems were identified in the application of noetdogical data, the most important being the
inability to apply regional variation in meteorologl boundary conditions (i.e., all meteorology

is applied globally). In addition, no single loati(shown in Figure 17-25) had a complete data
set of boundary condition for the entire modeledqak 1990 — 2008.

A model sensitivity analysis on meteorological badary conditions showed that modeled water
temperature was most sensitive to the value sewifuat speed, so considerable effort was taken
to set wind boundary conditions. Figure 17-30 amglife 17-31 show that there can be a factor
of two variation in wind speed, either at differémtations from the same measurement agency
(CIMIS) or from different measuring agencies, NO&#& CIMIS, respectively, even though the
measurement locations are in close proximity.

Initial model calculations for water temperaturerevased to identify preliminary meteorological
regions,i.e., regions in which a single set of meteorologiaahditions would apply. Two main
regions were identified, as shown in Figure 8-1e Bouth Delta region was reasonably well-
calibrated using the existing Stockton data set (Ggure 8-2), but in the North Delta region
modeled summer water temperature was high excegrinwet water years (see Figure 8-3). In
these figures, calculations from a model run wita éxisting wind speed at Stockton and one
with a higher wind speed (factor of 1.5) are compawith data (blue line). At RSANO58 in the
South Delta region, water temperature is modeleyg well using the existing wind data, while
water temperature at RSAC081, Collinsville, is apgnated better using the higher wind speed.

Final wind speeds were set using NOAA data for $iheckton location 1996 - 2008 and the

CIMIS data at Brentwood as they were availablelics location 1990 - 1995. Brentwood values
were initially too high, so they were decreasedlfgictor of 0.85 to more closely match average
Stockton values. During summer, the values fordwspeed were increased by a factor of two
from April through October, with a three-day lineamp-up and ramp-down. Cloud cover,

atmospheric pressure, and air temperature (dry) gbe also set using NOAA data at Stockton.
Prior to 1996, wet bulb measurements were alsacedurom NOAA data.

Because wet bulb measurements were not availabényatstation prior to 1996, they were
calculated using measurements of relative humiditytemperature and dew point available at
Brentwood, Lodi and Manteca (see Appendix | Secliéry for a description of the method).
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Calculations during the water temperature calibrapprocess uncovered convergence problems
when inflow and inflow temperature were both low.tWo time periods (portions of 1990 and
1991), the model could not converge to a solutiamalysis of the problem revealed that when
the diurnal variations in wet bulb and dry bulb paratures were too extreme, the model would
not converge. The problem was alleviated by smagthvet bulb and dry bulb temperatures
during those time periods. The resulting boundanddions are illustrated in Figure 17-32.

8.3 Water Temperature

Boundary conditions for water temperature needebetset at each boundary shown in Figure
4-1. Daily or hourly time series data were avagathiirough the IEP and CDEC data bases for
many of the modeled years at or near the boundfmidbke Sacramento and San Joaquin Rivers,
and at Martinez. Missing data were filled as démtiin Section 6.4, and when entire years were
missing they were filled using data from the samatél/ Year Type at that location (or nearby

location, depending on availability).

Boundary inflow temperatures prepared for the Smerdo boundary were used at the
Mokelumne and Cosumnes River boundaries. Water degityre at the Sacramento boundary
was set in large part using data at downstreantitosafrom the actual model boundary — at
Sacramento River RKI location 123 (RSAC123) andraasurement location in Steamboat
Slough. Initial temperature model simulations shdwleat the resulting temperature at Freeport
was high by approximate 2°C when these data seats waed. To correct this, the Sacramento
River boundary water temperature at Sacramentodeaseased by 2°C from 2004 — 2008, the
period where downstream measurements were udettefgap.

The San Joaquin River temperature boundary (RSAN&A2 used both at Vernalis and at the
Calaveras River boundary. Water temperature waslynavailable at Mossdale (RSAN087).

Examination of initial model results showed ther@sva small shift in time for measured versus
modeled water temperature at Mossdale due to ttave from Mossdale to Vernalis. The

Mossdale time series was shifted back two houractmunt for this difference at the Vernalis
boundary. The timing mismatch was not uniformly twours, but that shift gave a good

approximation overall.

The Yolo water temperature boundary was set ahataot temperature of 9°C as the Yolo flows
mainly occur during winter and early spring whenevdemperatures are generally low. Water
temperature for the Lisbon Toe Drain was synthesiaad set at 18.5°C from May to October,
and at 11.25°C the rest of the year. The Lisbon Doan may have outflow during a longer

portion of the year than the Yolo.

Martinez water temperature boundary condition wayg osed at that boundary.
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DICU flow temperature was set at a constant 9°@iclvis the same value used for previous DO
models in the San Joaquin River area (Rajbhan2iaoi3).

8.4 Nutrients — Delta Boundaries

Where possible the nutrient model boundaries wetreising EMP data. EMP nutrient data were
available at approximately bi-monthly intervals.eTieasoning behind this decision is:

* EMP is well-documented (methods and locations)
 itis internally consistent (collected by the saagency over many years)
it covers the modeled time span.

EMP data downloaded from the BDAT website was pgeed to yield a regular time series,

typically monthly, from the irregular time serieatd as follows. Replicate values on any day
were averaged, and then loaded into HECDSS-Vuehnhias used to convert the irregular time

series into regular daily or monthly time seriebeTirregular time series generally had at least
monthly data values, and many times measurememeshixnonthly.

Model boundaries do not necessarily coincide watachvailability. This occurs at each of the
main boundaries (the Sacramento and San JoaquersRiand at Martinez). The methodology
adopted for these boundaries was to transform pegdod” data to upstream or downstream
model boundary conditions. For example, if measerds were not available at the Sacramento
or San Joaquin River inflow boundaries, modificatio the substitute data were needed either to
account for travel time from the inflow location tbe measurement point or for changes in
concentration between the model boundary and tisé divailable measurement location. For
example, since nutrient data were available at i&@'seLanding (RSAC139) and at Hood
(RSAC142) for setting boundary conditions, changethe boundary value of concentration or
temperature needed to be made to account for thandgs that occurred between these two
points and the model boundary.

There was no data available directly at the nontHsyundary of the DSM2 model (north of
Freeport). There was data at the Freeport nodeeinmiodel, south of northern-most node in the
model domain, and at the downstream locations et Landing and Hood. Freeport is also
known by its “RKI”, or River Kilometer Index, as RE€155 (located 155 km from the Golden
Gate). Several strategies were used to set boucdaditions here.

At the San Joaquin River boundary at Vernalis,iantrdata were available either at Vernalis or
25 km downstream of Vernalis at Mossdale. When Males data were used, a minor
modification was occasionally necessary to accdnt travel time or small changes in
concentration as it was for the Sacramento Rivembary. DWR’s Environmental Monitoring
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Program (EMP) data were used to set boundary dgondiat Vernalis for chl-a, N§)NHj3 (total
ammonia), organic-N, and RO

At the Martinez boundary, setting nutrient boundagues was relatively straightforward as
sufficient data were available through BDAT. Fomsoconstituents, USGS data were available
at nearby locations for comparison.

8.4.1 Ammonia

8.4.1.1 Sacramento River NH3 Boundary Condition

There was a moderate amount of \Ntdta available at Freeport, above the SacramesgmRal
effluent outfall. Variability is high in these measments as shown in Figure 17-33, and they
were very sparse. The nearest downstream locataindpod and Greens Landing, had much
higher NH; concentrations as they are downstream of the 8gmoRal effluent outfall.

Model sensitivity runs on the Sacramento RiversK#thdNOs) boundary conditions showed that
Greens Landing and Hood measurements (from BDATU)dcbe used to set the concentration at
this boundary if reduced by a suitable factor. Fegli7-34 illustrates the difference between data
values and the Sacramento boundary set at 0.4 time@mnerged) data from Greenes Landing
and Hood. This boundary condition produced suitabbdelel results at all locations within the
model, but the average value for Nat the boundary is higher than measurement valuea f
substantial portion of the modeled period.

Because of these factors, mixing calculationsgugsitombination of flow data and Nidata for
the Sacramento River, Sac Regional and at Greending and Hood data were used to set
ammonia at the model boundary (well upstream o¢poe).

A detailed discussion on this important boundargdition is found in Appendix | in Section
17.8.

8.4.1.2 Other NH3 Boundary conditions
There was no Nkldata available for the Yolo or Lisbon Toe Drairubdaries — values were set
at 0.03 and 0.04 mg, respectively. Time series for the Mokelumne, @atas and Cosumnes
River boundaries were synthesized by Water YeaeTging the available years in the Dahlgren
dataset.

Time series of data were available through BDATMartinez and the Sacramento and San
Joaquin Rivers.

53



Draft Final Report, October 2009

8.4.2 Nitrate

There was no N@data available for the Yolo or Lisbon Toe Drairubdaries — values were set
at 0.09 mg [*. Time series for the Mokelumne, Calaveras and @ogs River boundaries were
synthesized by Water Year Type using the availgbées in the Dahlgren dataset.

Time series of data were available through BDATM@rtinez and the Sacramento and San
Joaquin Rivers. For the Sacramento boundary, data Greenes Landing and Hood were
merged, but the values were decreased by a fa@®b OFurther discussion on setting the
Sacramento boundary condition for Ni® found in Appendix in Section 17.8.

8.4.3 Organic-N

There was no organic-N data available for the Yaslisbon Toe Drain boundaries — values
were set at 0.2 mgL Time series for the Mokelumne, Calaveras and @oss River
boundaries were synthesized by Water Year Typegubim available years in the Dahlgren
dataset.

Time series of data were available through BDATNartinez and the Sacramento and San
Joaquin Rivers. For the Sacramento boundary, data Greenes Landing and Hood were
merged.

8.4.4 Chlorophyll a/Algae

There was no chl-a data available for the Yoloisban Toe Drain boundaries — values were set
at 0.2 mg [*. Chl-a time series for the Mokelumne, Calaveras@osumnes River boundaries
were synthesized by Water Year Type using the alviglyears in the Dahlgren dataset, and
corrected for use in the model as biomass of agakescribed in Sections 5.5.2.and 5.2.4.

Time series of data were available through BDATMartinez and the Sacramento and San
Joaquin Rivers. For the Sacramento boundary, data Greenes Landing and Hood were
merged.

8.4.5 Nitrite and Organic-P

There was no organic-P data available through BRAT only a limited amount of NQilata.
Values for organic-P and NQvere set using a combination of data sourcesjdmag previously
used values in DSM2, BDAT and Dahlgren’s dataset.

At Freeport, examination of the SRWWTP measuremiemtdlO, (Table 17-5) and Dahlgren’s
measurements yielded that a reasonable value @84 g L. At Vernalis, Dahlgren’s average
NO, measurement was reduced by an order of magnitnd@. 15 mg [*. The Martinez
boundary was set to 0.008 mg.LThe Yolo and Lisbon Toe Drain were set at 0.0@#LM, the
Mokelumne R. was set at 0.004 mg &nd the other two river boundaries set at 0.005.thg
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Organic-P measurements were set at 0.01 thgtlMartinez, Yolo and Lisbon Toe Drain. Some
values were available in Dahlgren’s dataset whielhewused to synthesize monthly values data
by water year type for the Sacramento, San Joafokelumne, Calaveras and Cosumnes River
boundaries.

8.4.6 DO

DO boundary conditions were set using continuouse tiseries of measurements, the only

nutrient for which regular time series of data waveilable, although not for the entire modeled

time span. Sacramento River boundary DO time seveze used at the Sacramento boundary
and also at the Yolo and the Lisbon Toe Drain baned. Because measurements were not
available for every modeled year, hourly time seviere synthesized using Water Year Type as
a guide. Missing data were filled as describedanti®n 6.6.4.

Martinez and the San Joaquin River each had timessef data available for DO boundary

conditions. The Mokelumne and Cosumnes and Rigantlaries were set at a constant 9.0 mg
L, and the Calaveras R. boundary at 7.0 riig RICU drains were set at a constant DO
concentration of 5.1 mg't, the value used in previous DO studies (Rajbhan?@®3)

8.4.7 Ortho-phosphate

Values for PQ were set using a combination of data sources dinaiy USGS, BDAT and
Dahlgren data sets. Time series of values werehsgited by Water Year Type using data
available in Dahlgren’s data set for the Cosum@adaveras and Mokelumne Rivers. Yolo and
Lisbon Toe Drain boundary R®alues were set at 0.1 mg.L

Time series of data were available from BDAT fattisg the San Joaquin River boundary
values. BDAT time series data for the Martinez ltary was supplemented with USGS data as
a check on values. For the Sacramento River, teriesof data were available at Greenes
Landing and Hood. The values were merged then eztlog a factor of 0.7 for use as a
boundary condition.

8.4.8 CBOD

There were a few measurements available on BDABifochemical Oxygen Demand, or BOD,
at the Sacramento River near Freeport and on theJ8aquin River downstream of Vernalis,
mostly prior to 1990. The available values wereraged and transformed into CBOD using
regression relationships derived from Stockton WWiEasurements, where both BOD and
CBOD data measurements were made. The relatiobshiyeen CBOD and BOD is discussed in
Appendix Section 17.3. CBOD values were then seth&se averages as constants at each
boundary. The Sacramento boundary was set at 1.2 nghe San Joaquin and Martinez
boundaries were set at 2.8 mg, lthe Mokelumne R. was set at 1.1 m§ and the other Delta
inflow boundaries were set at 1.5 mg.L
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8.5 Nutrients - DICU

Constituent concentrations for the DICU locatioreyevset as constants. Values selected for the
prior nutrient model efforts (Rajbhandari, 2003yevaccepted with no modification.

8.6 Nutrients — Effluent Boundaries

Data were gathered from a variety of sources ftimgeboundary conditions at WWTP effluent
locations. Data were processed to yield daily, beldy or monthly values to use as boundary
conditions. When data gaps appeared in time seaféta, either average values or data
synthesized by Water Year type were used to fdlgaps. Bi-weekly data were either extended
into daily data or compressed into monthly datasdifig years were either filled with constant
values, or with a time series using effluent datanfthe same Water Year Type.

Because of QUAL’s limit on the number of boundaonditions it can process as instantaneous
(15 minute), hourly or daily time steps, efflueata from sources with small inflow volume was
occasionally treated as a monthly value or a cohstgen when more frequent data were
available over part of the modeled time span. imes@ases, data were extended into 15-minute
time series if averaging was not desirable.

Salinity (EC) measurements were not recorded fereffluent at some WWTP’s. In this case,
model output was sometimes used to synthesize armbdt@dary condition for the effluent.

QUAL EC output time series at the effluent sourceation was reintroduced at the effluent
node. This approach meant that effluent EC didamainge QUAL modeled (historical) EC at
those locations.

Figure 17-35 through Figure 17-39 are plots ofuedfit concentrations for all of the constituents
for Sac Regional and Stockton WWTPs.
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Temperature Regions
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Figure 8-1 A minimum two meteorological regions araeeded to calibrate QUAL for water temperature.
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9 Chemical Speciation Modeling and Isotope Analysis

9.1 EQ3/6 modeling

Measurement data supplied by R. Dahlgren (U.C.id)awas used to develop chemical
speciation models using the EQ3/6 program. A cotaaite of water quality constituents were
measured in the data at each location shown inr&ige4. Using Dahlgren’s measurements,
EQ3/6 models (Wolery, 1992) were developed to ingate general trends in the water
chemistry, and the speciation of constituents int&m at Vernalis and Freeport. The details of
model formulation and the speciation results akered in Appendix Section 17.10.

Initial calculations using equilibrium constantg tbhe ammonia dissociation reaction, assuming
water temperature at 25°C, were made to assesarige of NH (ag) and NH* concentrations
that are likely to be found in the Delta. At the fgdels normally found in the Delta, pH = 7.0 —
8.0, calculations yield that less than 1.0% and tean 6.0%, respectively, of the total ammonia
in solution would be found as Ntg). As a simplification given the long time frame deted,
apart from extreme events, it is reasonable tonassihat the ammonia modeled in QUAL is
predominantly NH". If a short time frame event were to be modeledexamined, that
assumption would not necessarily be justified, depeg on the conditions. In the Dahlgren
measurements, pH at Vernalis varied between 7.47adand at Freeport, pH varied between
7.3 and 8.3.

The speciation calculations were used as a hautistunderstanding the chemistry of waters
entering the Delta at its major inflow boundari€early, due to biological activity constituent
concentrations these waters are not at equilibagnthe model calculations assume. However,
several interesting features of the calculationseewmted. First, the average pH of the incoming
waters was near pH = 8.0, so most of the ammonisolation was N, as discussed in
Appendix Section 17.10. Nitrate concentration washa same order of magnitude as AIH
concentration, while nitrite was two orders of miagme less. On average, the NH
concentration in the incoming water is approximatelthe range considered as critical for algal
uptake of NQvs NH," (Dugdale et al., 2007; Wilkerson et al., 2006)).

Interaction between the GQOn the atmosphere and surface waters can sometiaean
important factor in determining the pH of surfacatev, as the gas dissolves into the water and
dissociates. In the EQ3/6 speciation calculatidgngas found that on average the water was
supersaturated with respect to £g) in comparison with the concentration expectethe
solutions were at equilibrium with the atmospheFais higher concentration of G@) in
solution is (nearly certainly) due to biologicatiaity from algal respiration. As a consequence,
we can expect that the waters would be out-gas€i@®g not gaining it from atmospheric
interactions. This biological activity would teral¢ontinue as waters travel through the Delta, as
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the contribution of new nutrient sources within tbelta would tend to promote continued
biological activity. Thus, the mass transfer of agpheric CQinto the water is not likely to be a
primary factor regulating the pH of Delta waters.

The implication of this observation is that chamggihe conceptual model formulation in QUAL
to include the mass transfer of atmospheric @@ the water would not be considered a high
priority at the Delta-wide spatial scale, and a tbng time frame considered in the initial
calibrated model, 1990 - 2008. At shorter timemfes and at smaller spatial scales, i.e. if
considering a “local” model, this simplification snaot be justified.

9.2 Isotope Analysis

In Kendall's CALFED-funded PIN700 project “Determation of Sources of Organic Matter and
Nutrients in the San Joaquin River” (Kendall ef 2008), samples collected from 33 sites in the
San Joaquin and Sacramento Rivers from 8/06 to w8 analyzed for N§)POM (particulate
organic matter, which is mostly comprised of algael bacteria), DOC, and other isotopes to
determine the seasonal and spatial changes inotnrees of N@ and POM, and in the link
between N@and POM. Analysis of the N@nd POM ford"N showed that th&"N of algae is
sensitive to the nutrient sources, extent of mimifion of NH, to NGs;, and instream
biogeochemical processes.

Because analysis of the data is not complete, yheéhasis of model and data cannot yet be
completed.
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10 Calibration and Validation

10.1 General Methodology

Water temperature was calibrated independentlyutients, as temperature influences nutrient
dynamics but notice versa

Several factors guided calibration methodology trelselection of time periods for calibration
and validation. The most important factor was thailability and quality of calibration data, and
the second was the need to include a variety &dwn€onditions, as represented by Water Year
Type, to identify variations in model calculatiodse to factors such as outflow volume and
reservoir releases, as well as Delta operations asaneeting X2 salinity targets or the use of
the Delta Cross Channel gates.

Another factor was the need to develop and tesethadology consistent with possible future
uses of the calibrated model, where measuremeatrday not exist to inform the boundary
conditions. In the two likely routes for future nedddevelopment, covering a Historical time
frame before 1990 or a nutrient Planning Model Wwhgarrently covers the period from 1922 —
2003, there are few or no nutrient and effluent sneaments available. These models could be
used to quantify the effect on hydrodynamics antkmguality of a shift in Delta dynamics, such
as the introduction of invasive species or of a ification in the Delta water regime such as
construction of a new gate.

The only measurement that is available over exitidee spans is outflow, from rivers into the
Delta and Delta outflow, so a practical constrdont setting boundary conditions is that they
should mainly rely on relationships with flow or bet mainly in accord with Water Year type.
Thus in order to synthesize data for any time pkritaving a methodology for representing
boundary conditions by Water Year Type without toeresponding data becomes a sensible
strategy.

The time periods selected for water temperaturibregion are shown in Figure 10-1, and the

availability and quality of data illustrated in ki@ 17-26 through Figure 17-28. Temperature
data coverage was adequate spatially, apart frenYtto/Cache and Suisun Marsh areas, and
data were available at either hourly or daily timeervals. Data quality was variable over the

modeled time span, and both availability and qualre greater after 2000. Data from different

sources sometimes overlapped spatially, and thepaonsons were helpful is establishing an

expected temporal variability and a range in measent magnitude.

The time periods selected for nutrient calibratiwa shown in Figure 10-2, and the availability
and quality of data are illustrated in Figure Mfough Figure 17-14. The great disparity in the
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availability of boundary condition data for the nears WWTPs complicated the selection of
calibration and validation periods for nutrientor Rall but two of the WWTPs, boundary

condition data were only available in recent ye&lstrient data coverage had similar spatial
coverage to temperature data. Unlike temperatuie, daarly all nutrient model measurements
were taken as grab samples, and temporal coveragebasically monthly (sometimes less).
Data quality was generally very good over the entiodeled time span (1990 — 2008), although
for many sites there was more data 1990 — 1995ithiater periods.

Both graphical and statistical model evaluationhteques were used in the analysis of
calibration and validation results. Different teiues and strategies were used for temperature
calibration and validation than for the nutrientdeb as the data availability was very different
between the two.

10.2 Calibration and Validation of QUAL for Water Temper ature

10.2.1Methodology for Water Temperature Calibration and Validation

Because the meteorological data from the previalibration (Rajbhandari 2003) models water
temperature the South Delta region adequately,fdbas of the current water temperature
calibration was the North Delta region. Once thepliaption of meteorological data is
“regionalized” in future versions of DSM2, a cahbed two-region water temperature model
should be available using the current calibratiomtfie North Delta and the previous calibration
for the South Delta.

A sensitivity analysis showed that water tempermtwas most sensitive to variation in wind

speed. As discussed in Sections 8.1 and 8.3, wiedds prior to 1996 were taken from the
CIMIS Brentwood location which generally had a muggher average wind speeds than the
Stockton NOAA data. Wind speeds from 1990 - 1998ewiieus decreased in value by a factor of
0.85 so the average wind speed matched the avemagel 996 — 2008. In addition, wind speed

was increased by factor of two each year from Ap@ctober, with a linear ramp up/ramp down
period of three days.

Five sub-regions were selected for calibrationdation comparison — along the San Joaquin
River corridor, along the Sacramento River corridioe South Delta, the Yolo region and Suisun
Marsh (Figure 10-3). Only one measurement locati@s available in the Yolo and Suisun
regions, so they are characterized by those points.

10.2.2Residual Analysis — Water Temperature

Residuals were calculated as (Data — Model) foh eadendar year at each location, and are
grouped by Water Year Type. Although Water Yeamgimén October of the previous year, the
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final Water Year Type is finalized several montatet after a portion of the wet season reveals
the likely depth of the snow pack. Although groujpydwWater Year, statistics were calculated on
an annual time frame, under the assumption thaisides on water operations October -

December may be based on factors from the previater year (the same calendar year) such
as reservoir levels, particularly in drier years.

Residual results were calculated for each locatioeach region — for the Suisun and Yolo
regions, only a single location was available. &ach statistic, an average result was calculated,
and the maximum and minimum results identified. TolBowing statistics were used for
comparison of calibration and validation result@sRual mean and standard deviation, mean
square error (MSE), root mean square error (RM8EBlh-Sutcliff efficiency (NSE), percent
bias (PBIAS), and RMSE-standard deviation ratio RRS The reasoning behind this
methodology is discussed in Appendix Section 17.9.

10.2.3Calibration/Validation Results for Water Temperature

Table 17-9 through Table 17-12 document the wagerperature calibration and validation

results by region and by four Water Year Types.ddse only one Below Normal Water Year

occurred during the modeled time span, calibratind validation periods could not be selected
for comparison although results are shown in thpekglix in Table 17-14.

Results for the validation period are essentialtyistinguishable from the calibration period. For
the Sacramento region, the calibration resultseaoellent and they are very good for the other
regions. Generally speaking, summer water temp&situere low in the San Joaquin and South
Delta regions.

Ranges for model calibration performance ratingghe NSE, RSR and PBIAS statistics under
monthly time steps are given in (Moriasi et.al.02D Following those general guide lines, a
calibration is viewed as “Very Good” for the NSEtstic if NSE is greater than 0.75. Similarly,
a PBIAS value less than +/-(10 — 25)% (dependingairegory such as streamflow, sediment or
N,P constituent) and a RSR value less than 0.50\&ey Good”. Under each of these three
criteria, both the calibration and the validatidnater temperature is “Very Good” in all five
regions over all Water Year types.

Figure 17-53 through Figure 17-66 illustrate sorhthe results of the calibration and validation
of QUAL for water temperature at several locatidos each water year type except Below
Normal, where only one year of data were availabigures show a comparison of model (red
line) and data (blue line) in the upper plot, tesidual (center plot), and the histogram of the
residual (lower plot). In the upper plot, vertitdlie lines are missing data points (not included in
any calculation).
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In the central and south Delta the residual histogr tend to be skewed positively indicating
model under-prediction, while along the lower Saeeato R. the histograms tend to be skewed
to negative values, indicating the model valuesewtso high (Figure 17-54, Figure 17-57,

Figure 17-62, Figure 17-65). On either side oféEhMile Slough, the model calculations are not
skewed and the model predictions are very goodu(Eid.7-53, Figure 17-56, Figure 17-59,

Figure 17-63)

10.3Calibration and Validation of QUAL for nutrients

10.3.1Methodology for Nutrient Calibration and Validation

Although data were available at many locations gwartions of each of the calibration and

validation periods, only data that spanned thesyd4892 — 2008 was used for calibration and
validation. The majority of this data were from ENMJeations, although a few constituents were
available from other agencies. Under these crit¢hiere was no BOD/CBOD data available for

calibration and validation over the selected tipars BOD measurements were lacking except
in a short reach along the San Joaquin River, la@sktwere limited in the temporal frame. There
were essentially no measurements for organic-Pthedneasurements for nitrite and nitrate
individually were sparse.

Because nutrient data were only available on a hipbtasis and the number of values available
was limited, only two types of hydrologic condit®rwere considered. The Wet type is
composed of Wet and Above Average Water Year typ#dle the Dry type is composed of
Critically Dry, Dry and Below Average Water Yeapss.

Figure 17-67 through Figure 17-70 illustrates timalfset of locations that were used, although
not all of the nutrients had data available at dachtion. Nitrate and nitrite were combined in

model output, as the measurement of ;N@O, was common and available over the entire
model period. Figure 17-15 through Figure 17-18wsliwe full set of data locations, not all of

these were used for various reasons (NOTE - thesssumement locations are shown in the
RMA model 2-D grid).

Calibration of the nutrient model entailed settingthe parameters discussed in Section 5 and listed Table
5-2 and

Table 5-3, as well as setting constituent valudsoandaries where no data or only limited data
were available. The Tables list the range of \alused in calibration. Although there was some
iteration between setting the global parameters #rel regional parameters, the global
parameters were only changed slightly in valueradte initial acceptable value was chosen.
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Values for nutrient boundary conditions at uncaaed boundaries, notably in the Yolo/Cache
region, were also set well before the fine-tunihgarameters was complete.

As a strategy, a minimum number of reaction ratesewaried as this generally will result in a
model with better prediction power — i.e., it awidver-fitting. Four regions were selected
initially as a basis for setting regionally-basettgmeters, although these were later refined to
the 20 regions shown in Figure 17-67 through Figlife70. There was a limited amount of
variation of parameter values within these regiofst example, channels adjacent to the
location Suisun at Volanti (not included in calitioa statistics) were fine-tuned to optimize the
model fit there.

The underlinedbold parameters were the primary parameters varietgltiie calibration:
» Algal rates:

o Growth (max), Mortality , Settling, Respiration

* Decay rates:

o Ammonia, Nitrite, CBOD, Organic-P

0 Hydrolysis: Organic-N to Ngl

Settling rates:
o CBOD, Organic-NQrganic-P

Benthic:

0 Oxygen Demand (SOD)

0 Release of P@Q NH;

» Oxygen reaeration

Parameter values were chosen within ranges doceahentthe literature — SOD is the only
exception. The ranges for maximum growth rate {lafpr algal species vary widely: for
diatoms from 0.3 to 3.4, for green algae from ©.8.0; for golden-brown algae from 0.4 to 2.9;
for Dinoflagellates from 0.3 to 2.1; for cyanobatefrom 0.07 to 11.0. The values are either
gross or net production rates and were measuredramnge of temperatures (see references in
Cole and Wells, 2008).
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In P-limited environments, Grover (in: Cole and Wadt al., 2008) measured maximum algal
growth rates that were between 0.5 and 1.0'dagd P-half-saturation constants from 6.0 E-0.6
to 0.0015 mg L. In Cole and Wells (2008), the reported rangeitefdture values for P-half-
saturation constants varied from 0.001 to 1.5 rifjgdnd for N-half-saturation constants from
0.01 to 4.3 mg L, with the highest values reported for experimersing NQ and the highest
reported rate for Nglexperiments was 0.14 mg'L

Under varying light intensities (factor of two),itthman (in: Cole and Wells et al., 2008)
measured maximum algal growth rates from 1.2 taday# and respiration rates from 0.001 to
0.6 day". CE-QUAL-W?2 uses a default value of 0.04 ddgr algal respiration rate, and
suggests a maximum mortality rate of 10% of theimarn algal growth rate. The default value
for algal mortality was 0.1 d&y with a range of 0.03 to 0.3 used in previousistid

10.3.2Residual Analysis - Nutrients

The combined effects of data variability betweeerajes and sparse measurement intervals,
generally monthly, meant that some measure of teiogy needed to be included in assessing
the quality of model calibration. The EMP and USIa#8l data along the Sacramento River at the
same or similar measurement locations, as discuas8dction 6.3, and the variability between
the measurement data sets indicated that dailyutitions, tidal influences and extreme events
could influence the value.

To capture this variability, an “envelope” of modelues was used to incorporate these different
sources of uncertainty. The maximum and minimum timgnvalues of hourly model output
were calculated to create the upper and lower bwhdhe envelope, respectively. At a given
location, if the calibration data fell within thahax/min envelope, then the residual was
calculated as zero. Values falling outside of theedope were calculated as residuals using the
either the maximum of the envelope (data highen thaximum value) or the minimum value of
the envelope (data less than the minimum value)Hat month. Note that this methodology
could be refined, as the partition of data and rhedkries along strict monthly time intervals in
somewhat artificial. However, for simplicity, theomthly approach was deemed reasonable.

For the six constituents used in the calibratioNHs, NOs+NO,, organic-N, DO, chl-a/algae,
and PQ - calibration statistics were calculated at eacilable location. Histograms of the
residuals were also prepared.

Technical detail on the statistics and methodoleggd in the analysis of residuals in calibration
and validation is discussed in Appendix Sectior®17.
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10.3.3Calibration/Validation Results for Nutrients
Table 10-1 through

Table 10-3*list the results of the calibration/validationn-these tables, the quality of the
calibration was assessed at each location usingnétieodology detailed in Appendix Section
17.9. Using these criteria, the quality of a catlom can be rated from Very Good (VG) to
Unsatisfactory (U) for individual constituents (Ntsi et al., 2007).

The calibration and validation results for JHNOs;+NO,, and DO are rated from Very Good to
Satisfactory at most locations for both Dry and \iedr types for the three criteria with only a
few exceptions. The results for algae are also his tange, although there are more
Unsatisfactory results for the RSR statistics paférly in the calibration Wet year type.

Unsatisfactory results tended to be grouped ataldeations over all nutrients, with Grizzly
Bay and Disappointment Slough having the worst ltgsiollowed by Potato Point and Old
River at RDR. Organic-N and R@ad the worst results, which is not surprisingR@, as there
were no organic-P measurements to help constramthrient. Also, organic-P and organic-N
are each consumed during algal growth, so thedatie compensating organic-P measurement
necessarily affected the ability to calibrate oigas.

Overall, the model calibration is rated Very Goad Satisfactory for all constituents at all

locations, as there is no location with Unsatigfactresults across all three criteria. The worst
results occurred in areas where there were the steweasurements near-by to constrain
upstream or local parameterizations. Validation ealiration results are very similar, although
validation statistics were somewhat better, propdi#cause more very recent years were
included. The recent years tended to have bettitgof measurements.

10.3.4Nutrient Model Results: Calibration/validation Figures

These figures are numerous, and so supplied indeparate documents as Appendices. Figures
were produced at all locations where there wadcserfit data to plot more than a couple years.
Where data were available for (nearly) the full mlaerm, plots were produced for the full time
span and the spans 1990 — 1999 and 2000 — 200%IMlwds sometimes begin in May or June
1990, as at some locations the initial conditioluea were somewhat too high or too low and the
model required a spin-up at those locations foffilsefew months. The figures are organized by
constituent.

14 Each category of measurement — dry or wet anbredion or validation — had at least 36 measuresyéet,
N > 36. Many categories had significantly larger valoéN.
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The first document, Appendix Il, contains ammoniad anitrate+nitrite model results vs.
measurements, the second document, Appendix IHtacts DO and algae, and the third,
Appendix 1V, contains P9and organic-N. The final document, Appendix V, teams figures
with calibration histograms and residuals.

10.4 Discussion of Calibration and Validation

There is no unique way to calibrate a model witis tmany parameters (48), and numerous
unconstrained or poorly constrained boundariesh siscthe Yolo/Cache Slough/Liberty Island
region. However, the final parameterization of thedel is arguably sensible, as parameter
values are generally within literature ranges amcbastrained boundaries were set at reasonable
values. In addition, the calibration results areyvgood for those constituents that had the best
constraining data, and generally satisfactory ter dther constituents. In fact, the calibration for
algae is remarkably good given the sparse datatendnportant factors in their dynamics not
included in the model, such as loss to clams. Tiiter@a applied for nutrient calibration
assessment are likely too strict, as they wereldped for parameters with lower uncertainty
than nutrients.

If the application of meteorological data is “regghized” in future versions of DSM2, a

calibrated two-region water temperature model éllavailable using the current calibration for
the North Delta and the previous calibration fa¢ 8outh Delta (Rajbhandari, 2003). Even with
the current single region model, the calibratioatistics are very good (although regionally
biased) despite the large amount of synthesizead dat

Two large areas of the model domain, shown in EgL7-18, have almost no nutrient
measurements to constrain the setting of boundamnglittons or parameters in those regions.
Suisun Marsh has a few measurements but the Yalb&Caegion has none. This presented
difficulties in calibrating the model in those regs, and in the case of the Yolo/Cache region,
downstream nutrient concentrations could be styoradfected by the boundary conditions
selected.

Although some effort went into identifying the causf extreme events in the data, such as a
large spike in algal mass, the length of the tireqa (19 years) precluded detailed analysis.
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Figure 10-1 Temperature model calibration and valiction periods. Data 1999 — 2008 was generally oftbter quality, but early Critical Water Years

(“1” in the chart) were also used.
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Nutrient Calibration/Validation Periods
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Figure 10-2 Nutrient calibration (blue) and validation (red) periods.
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Temperature Regions
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Figure 10-3 Five regions were used in the calibrain and validation of water temperature.
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Table 10-1 Calibration/Validation results for NH; and NOs+NO,: VG=Very Good, G=Good, SAT=Satisfactory and U=Unsisfactory, in red font.

Ammonia
Calibration - Dry NSE PBIAS RSR Validation - Dry NSE PBIAS RSR
Susiun near Nichols VG VG VG Susiun near Nichols VG VG VG
Grizzly U VG U Grizzly U VG U
Potato Point SAT VG SAT Potato Point VG VG SAT
Old River at RDR SAT VG U Old River at RDR VG VG G
Point Sacramento VG VG VG Point Sacramento VG VG VG
Buckley Cove VG VG VG Buckley Cove VG VG VG
Greens/Hood VG VG VG Greens/Hood VG VG VG
Disappointment SI. U VG U Disappointment SI. SAT VG U
Calibration - Wet Validation - Wet
Susiun near Nichols VG VG VG Susiun near Nichols VG VG VG
Grizzly U VG U Grizzly U VG U
Potato Point VG VG VG Potato Point VG VG VG
Old River at RDR SAT VG U Old River at RDR U VG U
Point Sacramento VG VG VG Point Sacramento VG VG VG
Buckley Cove VG VG VG Buckley Cove VG VG VG
Greens/Hood VG VG VG Greens/Hood VG VG VG
Disappointment SI. SAT VG U Disappointment SI. U VG U
NO3+NO2
Calibration - Dry NSE PBIAS RSR Validation - Dry NSE PBIAS RSR
Susiun near Nichols SAT VG U Susiun near Nichols SAT VG U
Rio Vista VG VG VG Rio Vista VG VG VG
Grizzly U VG v] Grizzly SAT VG SAT
Potato Point SAT VG SAT Potato Point G VG G
Old River at RDR SAT VG u Old River at RDR G VG G
Point Sacramento SAT VG u Point Sacramento SAT VG U
Buckley Cove VG VG G Buckley Cove VG VG VG
Greens/Hood VG VG VG Greens/Hood VG VG VG
Disappointment SI. SAT VG U Disappointment SI. SAT VG SAT
Calibration - Wet Validation - Wet
Susiun near Nichols SAT VG SAT Susiun near Nichols SAT VG U
Rio Vista VG VG VG Rio Vista VG VG VG
Grizzly G VG G Grizzly G VG G
Potato Point VG VG VG Potato Point VG VG VG
Old River at RDR G VG G Old River at RDR VG VG G
Point Sacramento VG VG VG Point Sacramento G VG G
Buckley Cove VG VG VG Buckley Cove VG VG VG
Greens/Hood VG VG VG Greens/Hood VG VG VG
Disappointment Sl. VG VG VG Disappointment SI. VG VG VG
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Table 10-2 Calibration/Validation results for Org-N and DO: VG=Very Good, G=Good, SAT=Satisfactory andJ=Unsatisfactory, in red font.

Organic-N
Calibration - Dry NSE PBIAS RSR Validation - Dry NSE PBIAS RSR
Susiun near Nichols U VG U Susiun near Nichols U VG U
Grizzly U VG U Grizzly U VG U
Potato Point U VG u Potato Point U VG U
Old River at RDR U VG U Old River at RDR SAT VG U
Point Sacramento U VG U Point Sacramento U VG U
Buckley Cove SAT VG SAT Buckley Cove U VG U
Greens/Hood VG VG VG Greens/Hood VG VG VG
Disappointment SI. U Sat v] Disappointment Sl. U G v]
Calibration - Wet Validation - Wet
Susiun near Nichols SAT VG u Susiun near Nichols G VG G
Grizzly U VG v] Grizzly SAT VG v]
Potato Point SAT VG U Potato Point SAT VG U
Old River at RDR SAT VG u Old River at RDR SAT VG U
Point Sacramento SAT VG u Point Sacramento VG VG G
Buckley Cove VG VG VG Buckley Cove SAT VG v]
Greens/Hood VG VG VG Greens/Hood VG VG VG
Disappointment SI. U Sat U Disappointment Sl. U G U
DO
Calibration - Dry NSE PBIAS RSR Validation - Dry NSE PBIAS RSR
Susiun near Nichols VG VG VG Susiun near Nichols VG VG VG
Grizzly VG VG VG Grizzly VG VG VG
Little Potato Sl at Terminous U VG U Little Potato Sl at Terminous SAT VG U
Potato Point VG VG VG Potato Point VG VG VG
Old River at RDR VG VG VG Old River at RDR G VG G
Twitchell VG VG VG Twitchell VG VG VG
Point Sacramento VG VG VG Point Sacramento VG VG VG
Buckley Cove U Sat u Buckley Cove VG VG VG
Greens/Hood VG VG VG Greens/Hood VG VG VG
Calibration - Wet Validation - Wet
Susiun near Nichols SAT VG U Susiun near Nichols VG VG VG
Grizzly VG VG VG Grizzly VG VG VG
Little Potato Sl at Terminous SAT VG U Little Potato Sl at Terminous U VG U
Potato Point VG VG VG Potato Point VG VG VG
Old River at RDR G VG SAT Old River at RDR G VG G
Twitchell VG VG VG Twitchell SAT VG SAT
Point Sacramento U VG U Point Sacramento G VG G
Buckley Cove SAT VG v] Buckley Cove U Sat U
Greens/Hood VG VG VG Greens/Hood VG VG VG
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Table 10-3 Calibration/Validation results for Chl-a/Algae andPQ;: VG=Very Good, G=Good, SAT=Satisfactory and U=Unsidsfactory, in red font.

Chl-a/Algae
Calibration - Dry NSE PBIAS RSR Validation - Dry NSE PBIAS RSR
Point Sacramento VG VG VG Point Sacramento VG VG VG
Susiun near Nichols VG VG VG Susiun near Nichols VG VG VG
Rio Vista G VG G Rio Vista VG VG VG
SJR at Pittsburg SAT VG SAT SJR at Pittsburg VG G G
Buckley Cove U Sat U Buckley Cove VG VG VG
Greens/Hood VG VG VG Greens/Hood VG VG VG
Disappointment SI. SAT VG U Disappointment SI. SAT VG U
Calibration - Wet Validation - Wet
Point Sacramento U VG U Point Sacramento G VG G
Susiun near Nichols U VG U Susiun near Nichols G VG SAT
Rio Vista U VG U Rio Vista SAT VG U
SJR at Pittsburg SAT VG U SJR at Pittsburg SAT VG U
Buckley Cove SAT VG U Buckley Cove U Sat U
Greens/Hood VG VG VG Greens/Hood VG VG VG
Disappointment SI. G VG G Disappointment SI. VG VG VG
PO4
Calibration - Dry NSE PBIAS RSR Validation - Dry NSE PBIAS RSR
Susiun near Nichols SAT Sat U Susiun near Nichols SAT Sat U
Grizzly U VG U Grizzly U VG U
Potato Point U VG U Potato Point U VG U
Old River at RDR SAT Sat U Old River at RDR SAT Sat U
Point Sacramento U VG U Point Sacramento U G U
Buckley Cove VG VG VG Buckley Cove VG VG G
Greens/Hood VG VG VG Greens/Hood VG VG SAT
Disappointment SI. U Sat U Disappointment SI. U Sat U
Calibration - Wet Validation - Wet
Susiun near Nichols SAT Sat U Susiun near Nichols SAT Sat U
Grizzly U VG U Grizzly U VG U
Potato Point U Sat U Potato Point U Sat U
Old River at RDR U Sat U Old River at RDR U Sat U
Point Sacramento U VG U Point Sacramento SAT VG U
Buckley Cove VG VG VG Buckley Cove VG VG VG
Greens/Hood VG VG VG Greens/Hood VG VG VG
Disappointment SI. U Sat U Disappointment SI. U G U
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11 Volumetric Fingerprinting and Liberty Island Grid

11.1Volumetric Fingerprinting Results

QUAL can be used to calculate a type of outputedath volumetric fingerprint (Anderson,
2002). This calculation technique produces thetiveacontribution of various sources of water
at any location in the model domain. At the Sacrmdriver boundary, for instance, all the
water (100%) comes from that location, but at Rist¥ there will be additional volumetric
contributions from the Sac Regional WWTP and fréva Yolo Bypass boundary (and perhaps
small contributions from the Eastside Rivers). \rodéric contributions are calculated for each
source of water input as a flow boundary condiiocluding DICU). At any model location, the
sum of the various sources of water will be 100%Iluvhetric fingerprinting was performed
using the calibrated model, and some model boueslasiere combined for simplicity. The
naming convention for the combined sources is foundable 11-1.  Figures illustrating
volumetric fingerprinting are found at the end théstion, and also in Appendix | Section 17.11.

Figure 11-1 shows that at Greens Landing, in aaltéii to main volumetric contribution from
the Sacramento R. boundary there are two lessérilmations, one from Sac Regional, ranging
from near zero to about 4.0%, and the other fro@UDsources, ranging from near zero to about
1.5%. Results are shown at a variety of locationg=igure 11-1, Figure 11-2 and (in the
Appendix) Figure 17-71 through Figure 17-82, witlioaus on volumetric contributions from
effluent flows.

In general, the effluent volumes of most WWTPs aeey small (less than 1.0%) at most
locations examined. Stockton and Sac Regional tlev&argest contributions — Stockton WWTP
volumes are only noticeable along the San JoaquiuerRIn both WWTPs, the volume
contribution falls off with distance. Ag (DICU) ilgiws are also high in nutrients, and at some
locations the Ag contributions are higher than WWibRimes.

Along the lower San Joaquin and Sacramento Ritbesyolume of Sac Regional effluent is
very similar at several locations (Figure 17-72)héf Lisbon Toe Drain flows begin around
2004, the pattern of Sac Regional effluent volumm@nges in the Yolo region. In upstream areas
of Cache Slough, AG volumes dominate until the Doain flows begin (Figure 17-74). Sac
Regional volumes remain higher year-round in theh®on areas on the Mokelumne River.

On the lower Sacramento and San Joaquin Riversydhemetric contributions from other
WWTP’s is very small — this is illustrated in Figul7-78. These volumes are lower than Sac
Regional volumes (Figure 17-81).
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11.2Inclusion of Liberty Island

Recently, DSM2 was recalibrated in the area infbeehby Liberty Island, which was flooded in
2000. The nutrient model was rerun under this nemfiguration to determine the influence this
region would have on nutrient dynamics. The extdnB&M2 grid®, called the Liberty grid
herein, is shown in Figure 11-3. The previous ggideferred to as the Base grid. Recall, the
flows for the Lisbon Toe Drain were included frod02 — 2008, as they were not available
before that time.

Three output locations were included in model oufjou the constituents downstream of the
Yolo inflow location, downstream of the outflow ktton for Liberty Island, and also at the end
of Cache Slough (SLCCHO016) at the location of atdmeperature calibration time series. These
three locations are shown in the DSM2 grid in Feglut-4. Figures illustrating results are found
at the end of this section, and also in Appendedtion 17.11.

Large changes in comparison with the Base gridtsesuere seen in all constituent concentration
at the three locations in the Yolo/Liberty/Cacheaarforganic-P was not examined). Algal
biomass, CBOD and organic-N increased at two ofdhations, DO increased slightly, and the
concentrations of each of the other constituentsedsed in comparison with the Base grid.
Yolo output is shown in Figure 11-5 through Figu®-8, Liberty output is shown in Figure

17-83 through Figure 17-86, and SLCCHO016 outputhewn in Figure 17-87 through Figure
17-90. The results for the SLCCHO016 location arigegdifferent — it is located at the end of the
grid (dead-end channel), and the constituent cdratgons there are dominated by DICU flows.

Three locations are illustrated moving down ther&aento River - RSAC101, RSAC092 and
Point Sacramento (Figure 11-9 through Figure 1®&i@ Figure 17-96 through Figure 17-100).
Algal biomass increased in comparison with Basealbtthree locations, and all of the N-
constituents decreased in concentration, althoufferehces with the Base decreased with
distance from the Yolo/Liberty area. At RSAC101 &8AC092, CBOD and PQwere higher
than Base concentrations. At Point Sacramento, CB@B higher and POwere lower than
Base. At each of the three locations, there werardhifts in the timing of concentration or in
the width of peaks in comparison with the Basealgal biomass, nitrate and CBOD.

At Potato Point (Figure 17-101 through Figure 14)1@he comparisons with respect to the Base
case were very similar to the trends at Point $aerdo.

In general, constituent concentration differencesansubstantial immediately downstream of the
confluence of the Sacramento River and Cache Slanghdecreased with distance. Within the

15 Many thanks are extended to CH2MHill and DWR-DM eleasing an early version of this grid and nhode
input.
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Yolo/Liberty/Cache Slough area, the changes in @impn with Base were even larger, so it is
appears that the influence of the flooded Libestgrid could be substantial if modeled nutrient
are considered in selecting areas for their paikerestoration area.
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Table 11-1 Volumetric fingerprinting source names.

Volume Source
Martinez Boundary
Sacramento River

Yolo Bypass
Toe Drain (2004 — 2008 only)
San Joaquin River

Calaveras River
Mokelumne River
Consumnes River

Sac Regional WWTP

Stockton WWTP

Lodi WWTP
Manteca WWTP
Central Contra Costa WWTP
Delta Diablo WWTP
Tracy WWTP
Discovery Bay WWTP
Mountain House WWTP
Fairfield-Suisun WWTP
Martinez Refinery+Tesoro
Valero Refinery

Volumetric Output Name
VOL-MTZ
VOL-SAC
VOL-YOLO
VOL- TOE
VOL-SJR
VOL-CAL
VOL-EAST

VOL-SACRWW
VOL-STCKWW
VOL-LODIWW
VOL-MNTCAWW
VOL-CCCSDWW
VOL-DDWW
VOL-SDELWW

VOL-MTZWW
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Figure 11-3 DSM2 grid alterations for the Liberty Island (red region) recalibration.
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Figure 11-4 Three output locations in the DSM2 gridused to study the effects of a flooded Liberty lahd.
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Figure 11-11 Nitrate and nitrite at RSAC101 for Bas and Liberty grids.

90




Draft Final Report, October 2009

12
117
101 i : ‘
b
|
q i
g 9 [ { / i
= : ’
|
a-
.
6 : ‘ T . : . ‘ .
2001 2002 2003 2004 2005 2006 2007 2008
2000 | 2001 | 2002 | 2003 | 2004 | 2008 | 2008 | 2007 | 2008
— RSAC101 V13 DO --- RSAC101 VI3RECALIB DO
201
151
by
g 1.0 . é‘ P",I ! s
= | fl 'y v \ A
3 [ ! b L | i s
b Y \ H
h i " (|
IR : | ' A
051 ol ! \
2001 2002 2003 2004 2005 2006 2007 2008
2000 | 2001 | 2002 | 2003 | 2004 | 2008 | 2006 | 2007 | 2008
— RSAC101 V13 BOD -—- RSAC101 V13RECALIB BOD

Figure 11-12 DO and CBOD at RSAC101 for Base and berty grids.

91



Draft Final Report, October 2009

12 Scenarios — Sensitivity to Changes in N-concentrains

Model output locations described in the scenarfesdacumented in Figure 12-1 through Figure
12-4. Not all locations have corresponding figurethe text below. Results are summarized as
monthly percent change from Base in each sectimurés illustrating results are found at the
end of this section, and also in Appendix | Secti@nll. These analyses generally changed the
concentration of all of the N-constituents by {392 except where noted.

Boundary conditions for all constituents, includiNgconstituents, were set as hourly, daily,
monthly or constant inputs during model developmértie choice was dictated for each
constituent by data availability, magnitude of ddgnent concentration and the sensitivity of the
model calculations to changes in timing and magieiturhe sensitivity results below test the
response of the model to changes in the suite cdi$tituents.

12.1Increase/decrease DICU N-constituents

To test the sensitivity of model results to changeBl-constituent concentrations at the DICU
boundaries, two scenarios were run in which thest@omt NQ, NO,, NHz; and organic-N
boundary concentrations were increased and dect&gs20%.

Changes in nutrient concentrations due to chang&CU boundary condition concentrations
were extremely small along the Sacramento Riveridmr and in the north Delta, and nearly
undetectable in general on a monthly-averaged bakis is illustrated in Figure 17-105 and
Figure 17-106. Nitrate changes were the largesiiere were small changes (increases and
decreases) in PCand DO in response to nutrient dynamics due togés in N-constituents.
Results are summarized as average percent chanmgéfise.

During dry periods in comparison with the Histoticaodel, the effects were noticeable but
small along the San Joaquin River, mainly upstredmntioch (Figure 17-107). Changes in
ammonia and nitrate increased somewhat at upstieeations (Figure 17-108 through Figure
17-111). Changes are most noticeable where DICW flontributions are greatest, mainly in
periods of low boundary inflow during Dry and Cclly Dry water years.
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Average monthly percent change from Base Historical model (+/- 20% change)

Algae NH3 NO3 NO2 Org-N PQ/DO

Inc DICU-N

RSAC101 +1-4%| +1-4% +3-7% +1-4% 0 % +/+and

RSANO037 +0-3%| +2-6%9 +2-69% +2-6% +00% +arahd-

RSANO18 +2-7%| +3-8% +3-6% +3-8% 0 % +/+and

Dec DICU-N

RSAC101 |-(0-3)%| -0-1)%-(0-1) %| -0-1)% 0 % H+

RSANO037 -0-3)%| -(2-6)%-(2-5) %| -(2-6)% -0 9% +and-/+and -

RSANO18 |-(0-3)%| -(1-4)%-(1-3) %| -(1- 9% 0% +/+and-

12.2Increase/decrease N-constituents at the SacramerBoundary

To test the sensitivity of model results to changesN-constituent concentrations at the
Sacramento R. boundary, scenarios were run in wiNEés, NO,, NH; and organic-N
concentrations were increased and decreased by 20%concentration was not changed as it
was very low and constant. Results are summariggueacent change from Base below for three
downstream locations.

At Isleton on the upstream end of the Sacramentm@&changes were seen in algae dynamics
(Figure 17-112) — these also held true for dowastrdocations (Figure 17-113). For N-
constituents, changes were moderate and largeshifiate (Figure 17-114 through Figure
17-116). Similar results were seen at GeorgianadblqFigure 12-5 and Figure 12-6). Nitrite
concentration changes were largest in drier yegndle nitrate concentrations were largest in
wetter years indicating that decay into nitrite aigal consumption of nitrate were noticeably
concentration and temperature-dependent. Changesganic-N persisted downstream, as the
boundary contributes most of the organic-N alorggSacramento corridor.

Changes at Potato Point were still quite noticegBlgure 12-7 through Figure 12-9). They

decreased for ammonia and nitrite at Antioch, Lilt i@mained quite noticeable for nitrate

(Figure 17-117 through Figure 17-119). Nitrite ches are due to decay of ammonia. There
were essentially no changes in fP&nhd DO. Differences between drier and wetter ygpes

were greatest for nitrate.
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Average monthly percent change from Base Historical model (+/- 20% change)

Algae NH3 NO3 NO2 Org-N

Inc Sac River-N
RSAC101 +0-2%| +3-6% +9-15% +3-6% +16-9d8
PO649 +0-6%| +3-6% +7-12% +3-6% +14947
RSANO018 +0-7%| +3-5% +6-9 % +3-5%  +11-946

Dec Sac River-N
RSAC101 -0-2)%| -(4-6)% -(9-14) % -(3-6)% (16—-18)%
PO649 -0-6)%| -3-6)% -(7-12) % -(B-6)% (14-17)%
RSANO018 -0-7%| -3-5% -(6-9) ¢ -(3-5) % (11 -16) %

12.3Increase/decrease N-constituents at the San Joaqusoundary

To test the sensitivity of model results to changedN-constituent concentration at the San

Joaquin R. boundary, two scenarios were run in kviN©s;, NHz and organic-N were each
increased and decreased by 20%,MN@ncentration was not changed to maintain sintylavith

Sacramento R. boundary changes.

Concentration changes were relatively minor exéepthanges in N Nitrate concentrations
are variable on the SJR past Jersey Point (RSAN@L&)g higher SJR flow conditions. This is

illustrated in Figure 12-10, Figure 17-120 and Fegi7-121. Results are summarized below as

percent change from Base for two downstream logatio
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Average monthly percent change from Base Historical model (+/- 20% change)

Algae NH3 NO3 NO2 Org-N PQ/DO

Inc SIR-N

RSANO037 +0-1%| +0-4% +0-16% +0-4% +0-12+and-/+and

RSANO018 +0-3%| +0-29% +0-9% +0-1% + 0 - 5 Yand-/+and-

Dec SJR-N

RSANO37 |-(0-2)%]| -(0-4)%]| -(1-16)% -(0-4)% | - (0-12) % +and-/+

RSANO18 |-(0-3)%)| -(0-2)%4 -(0-9)% -©-2)% 0{5) % | +/+and-

12.4Increase/decrease N-constituents in Sac Regionalflaent

To test the sensitivity of model results to changedN-constituent concentration at the Sac
Regional WWTP effluent boundary, two scenarios wene in which NQ, NO,, NH; and
organic-N were each increased and decreased byR@8ults are summarized as percent change
from Base below for three downstream locations.

The changes in N-constituent concentration dowastref the Sac Regional WWTP were large
and sustained along the Sacramento R. corridor usu8 Bay. Ammonia and nitrite
concentrations showed the largest shifts — niisifgroduced as ammonia decays. Changes in the
dynamics of the other constituents, organic-N,afalgae and DO, were minor and sporadic, but
also extended down to Suisun Bay in periods whéeret were detectable changes in
concentration. There was essentially no changedrtoncentration of PO

The changes in constituent concentrations alongSheramento R. from Isleton to Suisun
Nichols are documented in Figure 12-11 through fedi?2-15 and Figure 17-122 through Figure
17-131. Small increases in algal growth with insezheffluent N-concentrations appear with
increasing distance from the Sac Regional outfabh@the Sacramento R. main stem. Decreases
in effluent-N resulted in small decreases of algyawth. Changes in constituent concentrations
are seen at other locations receiving Sac Regiwaatewater- Jersey Point (Figure 17-126 and
Figure 17-127), Georgiana Slough (Figure 17-128 Rkiglire 17-129), and at Potato Point
(Figure 17-130 and Figure 17-131). Results are samzed below for three downstream
locations.
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Organic-N changes are small, as contributions dtgedin comparison with the Sacramento
boundary inputs. Changes were most extreme duriegykars for algae, ammonia and nitrate.

Average monthly percent change from Base Historical model (+/- 20 % change)

Algae NH3 NO3 NO2 Org-N
Inc SRWWTP-N
RSAC101 +0-2% | +13-16% +2-11 % +12-16% +41%
PO649 +0-7% | +9-13% +4-12% +9-13% +1%4
RSANO18 +0-9% | +9-13% +4-11% +9-13% +1%4
Dec SRWWTP-N
RSAC101 -(0-3)% | -(14-16)%- (3—11) %|- (12—-16) %W - (1—4) %
PO649 -(0-8)% | -(9-13)% -(4—11) % (9-13)%| -(2-4)%
RSAN018 -(0-10)%| -(8-13)% -(4—-11) % (9-14)%| -(1-4%
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12.5Increase/decrease Sac Regional Effluent Volume

To test the sensitivity of model results to changedN-constituent concentration at the Sac

Regional WWTP effluent boundary, the volume of w@#fit was increased and decreased by
20%. The results for N-constituent concentratiomeafer all practical purposes indistinguishable

from the +/- 20% change in N-constituent conceitratSection 12.4), so results are not

included here.

12.6Increase/decrease N-constituents at Stockton WWTPdBndary

To test the sensitivity of model results to chanigeN-constituent concentration at the Stockton
WWTP effluent boundary, two scenarios were run imclv NO;, NO,, NH3 and organic-N were
each increased and decreased by 20%.

The results show that the changes to N-constitc@mtentration, DO and algae are minor along
the San Joaquin River downstream of the WWTP, andad extend past Twitchell (RSAN024)
in any appreciable amount (Figure 12-16, FigurelZ2-and Figure 17-132 through Figure
17-134). Results are summarized below for two déreas locations.

Average monthly percent change from Base Historical model (+/- 20% change)

Algae NH3 NO3 NO2 Org-N PQ/DO

Inc Stockton-N

RSANO037 +0% +0-4%| +0-3 % +0-4% +0-2% +/-

RSANO18 +0-1%| +0-1% +0-2 % +0-1% +0-1%and-/+and;

Dec Stockton-N

RSANO37 0% | -(0-4)% -(0-3) %-(0-4%] -(0-2)% H+

RSANO18 |-(0-3)%]|-(0-2)%] -(0-9) %-(0-2)%]| -(0-5 %  +/+and-

12.7 Summary of Sensitivity Scenarios

Generally, increases and decreases in N-constitt@mtentrations were mirrored in percent
change in monthly concentrations - i.e., increamed decreases were generally of the same
magnitude within 1 — 2 %, the only difference beiing difference in sign. The two exceptions to
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this are the DICU and Stockton WWTP scenarios th@se cases, during periods of low flow
the nutrient dynamics were no longer symmetric i{p@sand negative different).

As the N-constituents were all varied at oncesitdifficult to separate out specific effects.
Downstream of the Sacramento and San Joaquin boasdaitrification was evident in the
change in nitrite concentration as that N-constitugasn’t varied. In general, increasing N-
constituents resulted in increased algal biomas#igwlecreases resulted in a decrease in algal
biomass.

12.8 Modify Sac Regional WWTP Process for Nitrification

A scenario was developed to test the downstrearsecprences for Delta nutrient dynamics of a
change to a nitrification wastewater treatment psscat SAC Regional WWTP. Stockton and
Tracy WWTPs had each switched their treatment gseE= to nitrification, so the changes in
their effluent concentrations were used as a guidelevelop a reasonable set of effluent
conditions. In both plants, the changes to CBOD;3;N{H; and organic-N were each quite

substantial.

For the scenario, the original Sac Regional effidkws were maintained and only constituent
concentrations were changed. ThezNddncentrations were decreased by a factor of @@,
NOgs, concentrations were increased by a factor oftlié organic-N concentrations were cut in
half, and the CBOD concentration was multipliedalfactor of 0.23.

The results for this scenario present a much monegpticated picture of the dynamics resulting
from the change in the effluent boundary. As exgecthere is a large decrease in ammonia —
there is also a substantial increase in nitrateeainations at all downstream locations. There is
a relatively small increase in DO and a decreasdgal biomass, with a few exceptions where
biomass may increase for a year or two (Figure 47dnd Figure 17-144). Nitrite shows large
decreases at all locations which are apparentketino the ammonia decrease as decay is no
longer a factor in nitrite production. The decreiserganic-N is minor.

In some cases, there is a shift in the timing ghhpoints and low points in concentration (e.g.,
Figure 17-136 and Figure 17-148) particularly fdrate. Algal biomass is nearly unchanged at
some locations during Wet water years (Figure 1¥x14

Results are summarized below (Table 12-1 through

Table 12-7 ) for two downstream locations. Charfges Base are largest and smallest during
the summer months. Bold font indicates which morgthd year types have the most extreme
results. For example, the ammonia section of TaBla for RSAC101 shows that the summer
months (July — September) operate under a diffaratrient regime than the other months. In
these months, the average for the Dry+Critical year
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12.9Clams (Corbula and Corbicula)

Attempts to modify model parameters to mimic tharaye in nutrient dynamics due to clams,
generally through increased nutrient consumptiarclding consumption of algae) were
unsuccessful. The main parameters that could bied/avere algal growth and death rates.
Increases or decreases in constituent concentsaéissociated with the dynamics of their life
cycle, for example an increase in the productiorbefthic NH to mimic excretion, were
difficult to quantify in the literature examined.

The change in consumption of nutrients due to aomsion by clams needed to be variable in
time and tied to other paramete@®orbulaand Corbicula do not necessarily consume nutrients
year-round, and their growth and maturation cydegend on having the correct conditions for
salinity and water temperature, for exam@erbula (J. Thompson, PowerPoint available on
web'®) recruits prefer more saline conditions, settlitoyvnstream of X¥ so generally do not
appear in great numbers past Collinsville. Histhc Corbula has invaded the greatest
proportion of the Delta during low outflow condii® leading to their expansion into formally
fresher water area€orbiculafavors fresher water environments, and juveniksegally settle
upstream of X2.

Implementing changes in algal growth and deathsregaded to change both the increasing and
decreasing arms of the annual growth curves. Theltrevould be peaks that might have the
correct integrated area for a season, but thatdvmigs the timing and pattern of increasing and
declining growth. Figure 12-24 shows potential ketifior the two clams. Model results for algae
tended to indicate that algal growth peaks wereircatreas where clam biomass measurements
have been high historically.

16 http://science.calwater.ca.gov/pdf/workshops/whedgs dcm2_presentation_Thompson.pdf

17X2 is the distance in km from the Golden Gate geido the 2 psu bottom salinity location
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Figure 12-1 Model output locations in the northernDelta for the scenarios.
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Figure 12-2 Model output locations in the western Blta for the scenarios.
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Figure 12-3 Model output locations near the confluece of the Sacramento and San Joaquin Rivers for ¢hscenarios.
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Figure 12-4 Model output locations on the lower Sadoaquin River for the scenarios.
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Figure 12-5 Changes in ammonia in Georgianna Sloudbr the scenarios changing Sacramento R. N-conaiints.
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Figure 12-7 Changes in ammonia concentration at Pato Point for the scenarios changing Sacramento Rl-constituents.
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Figure 12-8 Changes in nitrite concentration at P@to Point for the scenarios changing Sacramento Rl-constituents.

107



Draft Final Report, October 2009

1.4
1.2
1.0
0.8
= '
N F / .
| )
0.6 / A ;T
| \-I' l| 1 [[= A ‘ ‘ ‘l'
N\ | I o ) ’ ) I . A
L2 2K h Ayf: \ L HA If 1
. ' \] N - [ "'”l A s i
i | 2 3O 7 v [ ) : ook
0.4+ -3 kA ' o | {. J: B ¥
1 | k3 3 5 I H b
| Iy T Ive
'.‘ H " i, '
0.2+ ! B N e : ’
T T T T T T T T T T T T T T T T T T
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 20068 2007 2008
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

— POTATOPT V13-BASE NO3 ——- POTATOPT +HNC-SAC-N NO3

POTATOPT +DEC-SAC-N NO3
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Figure 12-13 Changes in DO and chl-a/algae at Iskat in the scenario changing Sac Regional N-constéuats.
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Figure 12-14 Changes in ammonia and chl-a/algae Rio Vista in the scenario changing Sac Regional N-
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Figure 12-15 Changes in nitrite and nitrate at RidVista in the scenario changing Sac Regional N-cotitstents.

114



Draft Final Report, October 2009

0.00

1991 1992 1993 1994 1995 1996 1997 1998 1909 2000 2001 2002 2003 2004 2005 2006 2007 2008
1990 | 1991 | 1992 | 19903 | 1904 1995 | 1996 | 19907 | 1998 | 1999 | 2000 | 2001 2002 | 2003 | 2004 | 2008 | 2008 | 2007 | 2008

— RSAN037 +SWC-BASE+FROM-ALL NH3 ——- RSAN037 +INC-STKN-N+FROM-ALLNH3 - RSAN037 +DEC-STKN-N+FROM-ALL NH3

95

MGIL

20

86

80

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2008 2008 2007 2008
1990 | 1901 | 1902 | 19903 | 1904 | 1995 | 1996 | 1907 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2008 | 2008 | 2007 | 2008

— RSAN037 +SWC-BASE+FROM-ALL DO ——- RSAN037 +INC-STKN-N+FROM-ALLDO - RSAN037 +DEC-STKN-N+FROM-ALL DO

Figure 12-16 Ammonia and DO concentrations at RSANSY downstream of the Stockton WWTP after
changing wastewater concentrations.
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Figure 12-17 Nitrate and organic-N concentrations BRSAN037 downstream of the Stockton WWTP after

changing wastewater concentrations.
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Figure 12-18 Chl-a/algae and DO concentrations asleton for the Sac Regional Nitrification scenario.
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O Potential Corbula habitat {

O Potential Corbicula habitat {\

Figure 12-24 Suitable habitat areas foCorbula and Corbicula do not tend to overlap.
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Table 12-1 Results from nitrification scenarios aRSAC101 (algae and ammonia).

Percent Change from Base due to Sac Regional switoftrification.

RSAC101
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Algae
Average -0.75 -0.45 -0.33 -0.57 -2.25 -6.85 -11.0B -8.29 -3.8¢4 -3.61-4.14 -2.61
Average Dry+Critical -1.22 -1.11 -0.74 -1.13 -4.05] -11.23 -17.42 -13.22] -3.04 -7.08 -6.12 -3.95
Average 0.32 0.03 0.08 0.18 0.72 2.87 4.13 4.24 4.3B 2.14 3.38 1.92
Wet+AbvNormal he e e e e - Y o o - ' o
RSAC101
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
NH,;
Average -72.47 | -66.55 -64.98 -63.57 -72.14 -71.78 -67.50 -63.B7 .766| -67.70 -72.20| -76.81
Average Dry+Critical -77.85 | -72.12 -70.50 -67.5] -75.8( -74.2% -62.82 -60.08 -62.51| -69.27 -72.93| -78.38
Average |
-67.33 | -61.63 -61.54 -59.69 -68.34 -69.5¢6 -69.48 -64.57 -69.93| -64.76 -70.60 -75.47,
Wet+AbvNormal
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Table 12-2 Results from nitrification scenarios aRSAC101 (nitrate and nitrite).

Percent Change from Base due to Sac Regional switoltrification.

RSAC101
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
NO,
Average -71.00 | -60.87 -56.82 -57.2( -68.79 -70.68 -67.49 -64.p8 587 -68.21 -72.50| -76.99
Average Dry+Critical -77.81 | -71.04 -69.62 -67.34 -75.94 -75.31 -64.30 -61.55 -64.02| -70.05 -73.33| -78.73
Average
-64.61 | -52.92 -48.04 -48.91 -61.84 -66.58 -68.18 -64.71 -70.39| -64.95 -70.75| -75.48
Wet+AbvNormal
RSAC101
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
NO;
Average 26.98 39.81 32.79 19.27 11.28 3.84 -3.1p 3.3p 13.99 11}47 5 6§83 11.98
Average Dry+Critical 24.16 20.12 20.88 9.64 -5.54] -22.04 -35.02 -21.55 8.42 -0.68 7.59 15.71
Average
33.70 53.35 41.21 26.17] 26.74 28.84 27.114 25.32 20.B4 1418 .88 1] 5.98
Wet+AbvNormal
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Table 12-3 Results from nitrification scenarios aPt. Sacramento (algae and ammonia).

Percent Change from Base due to Sac Regional switoftrification.

PO649
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Algae
Average -1.97 -0.70 -0.71 -0.97 -6.08 -13.44 -20.2p -20.31 -13.15 0.3 -11.33 -7.80
Average Dry+Critical -3.54 -1.71 -1.60 -1.83 -11.414 -24.09 -33.28 -29.68| -16.69 -16.24 -13.96 -8.14
Average
-1.13 -0.07 -0.18 -0.31 -1.88 -6.05| -10.45 -13.85 -11.61| -7.03 -9.80 -7.25
Wet+AbvNormal
PO649
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
NH,;
Average -62.15 | -57.92 -57.49 -55.84 -58.99 -48.5 -40.37 -34.y8 .2B3| -37.12 -37.37| -54.34
Average Dry+Critical -62.67 | -59.89 -58.98 -56.54 -55.24 -38.04 -28.25 -25.36 -23.42| -35.85 -36.77| -53.09
Average |
-60.97 | -55.21 -56.50 -54.21 -60.44 -56.49 -50.33 -40.p4 .7139| -39.27 -39.54 -55.84
Wet+AbvNormal
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Table 12-4 Results from nitrification scenarios aPt. Sacramento (nitrate and nitrite).

Percent Change from Base due to Sac Regional switoftrification.

PO649
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
NO,
Average -62.46 | -56.36 -54.73 -54.14 -58.9¢ -49.41 -41.47-36.52 -35.10 | -38.75 -38.49 -55.41
Average Dry+Critical -63.50 | -60.42 -59.54 -57.44 -56.61 -39.44 -29.Q9 -26.B1 .524| -37.39 -37.86 -54.2¢
Average i
-60.84 | -52.12 -51.27 -50.61 -59.3¢ -56.77 -51.93 -42.p4  .2@2| -40.87 -40.65 -56.84
Wet+AbvNormal
PO649
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
NO;
Average -0.37 14.88 17.28 4.39 -9.26| -13.89 -13.66 | -10.54 -8.98 -8.32 -11.64 -10.7
Average Dry+Critical 0.84 -4.21 -0.13 -8.10| -26.08 -29.85 -31.87 -19.3q9 -12.01 -17.08 -14.83 -7.27
Average i
211 26.84 29.24 13.12 6.84 2.08 3.74 -1.0p -4.92 -5.p2 314.2-15.10
Wet+AbvNormal
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Table 12-5 12-6 Results from nitrification scenaris at Jersey Point (algae and ammonia).

Percent Change from Base due to Sac Regional switoftrification.

RSANO018
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Algae
Average -2.38 -0.68 -0.62 -1.26 -7.93 -12.22 -20.3p -21.Q0 -13.96 1.02 -12.54 -9.13
Average Dry+Critical -3.52 -1.65 -1.51 -2.30| -14.63 -23.89 -34.49 -31.29 -16.83 -6.84 -8.96 -8.00
Average
-1.83 -0.08 -0.07 -0.41 -2.16 -4.04 -9.58 -13.16 -12.80 -18.19 -21.91 -14.81L
Wet+AbvNormal
RSANO018
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
NH,;
Average -62.46 | -51.75 -47.55 -44.57 -49.6( -41.77 -35.43 -30.p4 .4B2| -40.04 -46.64 -62.0(
Average Dry+Critical -67.77 | -61.15 -59.90 -54.171 -55.5( -42.16 -30.77 -26.42 -25.85 -39.74 -46.23 | -62.28
Average J
-57.52 | -44.10 -38.50 -37.39 -43.2 -40.87 -38.96 -33.06 -36.62 -41.14 -47.29 -62.12
Wet+AbvNormal
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Table 12-7 Results from nitrification scenarios aflersey Point (nitrate and nitrite).

Percent Change from Base due to Sac Regional switoftrification.

RSANO018
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
NO,
Average -63.16 | -52.24 -47.87 -45.41 -50.82 -43.57 -37.30 -32.p6  .484| -41.84 -47.86 -62.99
Average Dry+Critical -68.66 | -61.85 -60.60 -55.24 -57.06 -44.09 -32.18 =274 .3@7| -41.48 -47.44 -63.32
Average |
-58.07 | -44.41 -38.52 -37.84 -44.14 -42.47 -41.33 -35.p0 .089| -42.86 -48.43 -63.03
Wet+AbvNormal
RSANO018
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
NO;
Average -4.49 6.25 4.18 -3.90 -13.07] -15.32 -16.96 -12.61 -8.40 7p -11.08 | -10.89
Average Dry+Critical -1.26 -8.60 -6.27 -11.69 -26.04 -28.44 -33.4 -21.30 -10.p7%16.66 -14.21 -7.39
Average
-3.66 15.71 11.05 1.50 -0.28 -2.98 -1.0 -3.2) -5.06 -498 1.81 | -15.25
Wet+AbvNormal
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13 Adequacy of QUAL's Current Formulation and Potential Areas
for Model Development

13.1 Current Formulation- Strengths and Weaknesses

One of the great strengths of the water temperatndenutrient formulations in QUAL is their
simplicity. Because there are invariably constitueoncentrations missing at boundaries and
within the model domain in nutrient models, as W@ case in the Delta over this long time
frame, it was still possible to produce a satigfalyt calibrated model. In addition, the lack of
regular time series of measurements was not inqumtable — model calibration was generally
good at a monthly time scale despite large regimktime spans without sufficient data.

Increasing the complexity of the model might inseds ability to model a specific situation,
but the increase in the number of required parametall necessarily result in greater
uncertainty in the model results unless accompanyeal supporting data framework. The ability
to forecast Delta conditions could decline duenedreater level of uncertainty.

The weaknesses in QUAL'’s nutrient formulation drared somewhat with many of the models
in use at present (Edelfeldt and Fritzen, 2008; eggitmaz-Alhan et al., 2007). One clear
weakness discussed in several sections of thistrespitie constraint of setting all meteorological
parameters globally. Wind speed in particular damnglly influence water quality conditions for

many constituents, not just temperature.

Another weakness is the limitation to a single khigi@up. The discussions with Pat Gilbert
highlighted the need to incorporate additional ¢éigua to simulate more than one algal group.
Different species of algae will utilize nutrientgferently, for example, temperature-dependent
growth rates will vary across species and thereddferences in preferred habitat (e.g., water
column vs. substrate, still water vs. flowing watem addition, bacteria have a large influence
on nutrient dynamics, but there is no clear medmanio capture their overall effects in the
model as they do not appear as biomass in anyiegu&etting decay rates for some of the
constituents partially compensates for this lack.

Pat Gilbert also addressed the question of whettecurrent conceptual model is adequate to
characterize the inhibitory effect of too much ammmo Gilbert suggested that it is not the
absolute concentration that dictates utilizationaaimonia over nitrate by some algae (e.g.,
Dugdale’s inhibitory level), but instead the relatiavailability of the nutrients. The current
model formulation allows for a preference factotw®=n ammonia and nitrate expressed as a
ratio, which she suggested should be sufficienedhe algal species that are present have been
determined. On the topic of phosphate levels, shdle implications for the limitation on algal
growth due to low phosphate concentrations arectesr-cut, so there was no driving need
evident for changes to the model formulation fas thutrient limitation.
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Although the current conceptual formulation thatdels the dynamics of organic matter is
somewhat standard, the lack of measurements otomnponents — CBOD/BOD and organic-P
— meant the ability to model a large portion of thérient dynamics was missing. This is a
combined problem of lack of measurement and lackao$uitable concept to model the
measurements that exist.

Finally, the model does not track mass efficientlyis theoretically possible to account for all
sources and sinks of mass in a nutrient modelit isihot possible in QUAL. As a consequence,
it is therefore not possible to utilize QUAL's fiagprinting capabilities for nutrients.

13.2 Areas for Model Development

As mentioned above, the simplicity of QUAL’s nutridormulation was generally a strength in
its ability to model the entire Delta over the ldnge frames considered here. While inclusion of
more complex dynamics may improve the ability to@#ptualize a greater range of systems, it
requires a commensurate level of increase in dalaction to support the increased complexity.

13.2.1Temperature/meteorology

As discussed several times, meteorological inpedsdo be regionalized — set locally rather
than globally — to capture the range of conditibmsnd across the Delta, particularly wind
speed.

Water temperature proved to be very sensitive & loss due to evaporation. In QUAL, surface
heat conductionQ)e, is a function of wind speeW), es and e, (saturation vapor pressure and
water vapor pressure, respectively) and a con€laspecific weight of water times the latent
heat of vaporization):

Qe = CH(W)* (6s— &)

Note thate; and e, are functions of surface water temperature, airperature and wet bulb
temperature. The formulation for the wind speedfiom, f(W), is given by:

f(W) = a+ bw

whereW is wind speed, assumed measured at 2.0 m heidlat amdb are empirical coefficients
that are used to calibrate the effects of evapmrati

There are other formulations available for the @feof wind on water temperature (Cole and

Wells, 2008). During the calibration process, isvilaund that the available parameters were not
quite sufficient for capturing heat loss during soen periods. Instead, the effects of wind were

increased during warm periods - in the Delta sumwiads generally increase in the afternoon.

This indicates that the following formulation (Ca@ed Wells, 2008) may be more appropriate:
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f(W) = a+ bW

wherec is another empirical coefficient, assumed in (Catel Wells, 2008) to be 2. If set to a
value greater than 1, evaporative cooling woulddase with wind speed which might be
sufficient to capture decreased water temperatncesfased evaporative l0ss) in the summer.

13.2.2Algae, bacteria and plant growth

An important extension to the model would be thditglio simulate the dynamics of multiple
algae species, or more generically, multiple loweleconsumers and producers. In a practical
sense, incorporating more than one equation faxealg no more difficult than incorporating
multiple equations to model algal species, or fveo producers and consumers low in the food
web. This statement incorporates the discussiormass balance, where as mentioned in
Sections 13.2.and 13.2.4 below, bacteria are actitlee dynamics of the system but their mass
is not accounted for in the model formulation.

There are also primary producers in or at sediriexel that participate in nutrient dynamics that
are not accounted for, such as aquatic plants.n&#di dynamics are represented in a
rudimentary manner and inclusion of macrophytestardhic algae as individual entities would
help capture the actual dynamics in some regiortkeomodel. Some researchers have included
macrophytes in a rudimentary manner consistent thighcurrent formulation in QUAL (Park
and Uchrin, 1997).

13.2.30ther Benthic interactions

The current model formulation does not adequatiébyveor the effects of clams €orbulaand
Corbiculain particular — that are currently believed tochesing problems at the base of the
food web. Although it is would be difficult to inale the biomass of clams (i.e., it would be
difficult to include clam biomass as a state vdgght is possible to include their effect nutitien
dynamics as rate coefficients. Salinity and temipeeawvould need to be incorporated in the
rates, as discussed in Section 12.9.

13.2.4Mass Balance and Organic Matter

A basic problem with the nutrient formulation in @U, as in many nutrient models, is the lack
of closure in mass balance. There are severalibatiobns to this problem — CBOD, ignoring
mass of other primary producers ,and lack of massnce in the sediment. CBOD is ill-defined
as it does not account for all biodegradable oamatter (Shanahan et al., 1998). The value for
CBOD changes with the source of the material —asesrof CBOD consumption and biomass
consumed can vary widely (Shanahan et al., 1998).
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In addition, calculating a mass balance for theestariables requires that mass losses and gains
to sediment must be properly accounted for. Becthes&OD losses are not tied to CBOD mass
loss or gain, mass balance overall cannot be ateddor.

Although bacteria mediate the loss rates for ctrestis through decay rates, their biomass is
also ignored. Bacteria would need to be treated atate variable, similar to algae, with an
equation describing the movement of mass into anebthe water column as a function of the
rate coefficients.

There are disaggregated formulations in nutriendef® (Cole and Wells, 2008) for the
representation of organic matter and CBOD - reptessg for example, “fast” and “slow”
reacting CBOD (Shen et al., 2002) and/or dissoked particulate labile and refractory organic
matter for both N- and P-fractions. Using the labéind refractory split for organic matter
requires eight equations (Cole and Wells, 2008)s pheasurements and rate parameters to
support the dynamics of these refined nutrientrauions.

13.3Discussion

Of the areas for development discussed above, anfgw are important to improve the
representation of nitrogen dynamics given the abdel data. Clearly, improving the
representation of meteorology through regionalirats a straightforward fix that is necessary if
the model is to be used in a predictive mannereitdwide water temperature is important in a
given study.

Including a refined level of state variables at lase of the food web — additional algal species
and more than one species of bacteria — would aser¢he ability to capture the consumption

and production of N-constituents at the expenseadtitional data gathering requirements.

However, an improved formulation and additionaladatquisition would address the central

guestions of this study on the role of ammoniadtriant dynamics, and if hig140

h concentrations are suppressing algal growth.

Refining the model sufficiently to attain a setstdite variables that each observe a mass balance
and describe both the water column, pelagic anthbemteractions is an ideal goal, but would
require a rewrite of the entire model.

1. Including additional reaction rates for nutrienmtkd and sources for teasing out the effects of
CorbulaandCorbiculawould allow a better representation of the nutrinks in the Delta
(Jassby 2008). This could be approached by tyiagti@n rates to salinity (and potentially
other state variables) without requiring a stricass balance, similar to the approach
currently used for bacteria. Or, the biomass ofmslaould be included in a more rigorous

133



Draft Final Report, October 2009

fashion through a set of equations conceptualigageric benthic inhabitants in which a
mass balance for the system is better approxinthtedat present.

Some models have simplified the representation-obiatituents (Shen et al., 2002), which
might work well in this system, given the lack afanic-P measurements available in the Delta.

Although the effect of pH may be important in spéized situations, the current study did not
find an overwhelming need to include pH-dependeirtethe reactions, as equilibrium
calculations indicated that under typical conditidn the Delta, ammonia will be generally
found in its ionized form as NA In addition, the system will be outgassing &3 biotic
activity overwhelms atmospheric contributions of £ pH buffering by the atmosphere is
generally not a driving force in the dynamics.

Macrophytes and Submerged Aquatic vegetation (SAMY be important in Delta nutrient
dynamics, but their effect was not evident in therent study, perhaps because the focus was on
the Sacramento River corridor, and not on the aéatrd south Delta.

14 Monitoring program

Two considerations dominate the definition of a ftwing program — frequency of
measurement and spatial density of measuremeritdosaln the current modeling effort, it was
mainly the time scale of the data (monthly-irregukhat dictated the accuracy of the results,
although there were two regions of the model wrdata coverage was clearly insufficient.
Despite these constraints, the data availabledoeldping the model was generally sufficient for
the task of modeling nutrient dynamics with a foonsammonia on a monthly time scale.

The third consideration is cost — that constramot explicitly considered here, other than in the
evaluation of priorities. EC monitoring is not inded in this section, as the Delta salinity
monitoring program is quite extensive and not irdcef overhaul in order to improve the

modeling of nutrient dynamics.

14.1 Current/past data gathering efforts

Generally, the quality of data considered in teisart (generally from publically funded sources)
was better in recent years (2000 —present), wiegdgaphical coverage was better historically
(1990 — 1995). Sections 6 - 8 cover the currerd dat, from data sources, availability to use in
setting boundary conditions. Section 17.2 in Appedddetails all of the data sources and the
frequency of measurement for each of the modeledtitaents.

14.1.1Data Coverage

There are three regions in the model domain whbkee gpatial density of data was most
problematic — in the Yolo/Cache area in the nodtexa Delta, and in Suisun Marsh (Figure
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17-18). There were measurements available in thehsand central Delta, but the spatial
coverage was low and the time span was not consisteere was insufficient data available at
the northernmost boundary of the model (see Se@&idrl.1) particularly for N-constituents,
although this difficulty was not critical as theneere downstream measurements available to
help develop the Sacramento R. boundary condition.

The situation was somewhat better for temperaturdeting, although the same areas (Suisun
Marsh and the Yolo/Cache Slough area) were cleaelfycient in spatial data density. The
density of in-Delta measurements and the numbemnezsurements available for calibration and
validation were sufficient to produce a Delta-widenperature model. However, there is the
proviso that meteorological boundary conditionschieebe regionalized in the numerical model,
so the calibration in the north Delta is supertite results in the south Delta.

As discussed in previous sections of this reptmre were two constituents, organic-P and
CBOD, that did not have sufficient data availaldectlibrate the model parameters with any
confidence.

14.1.2Sufficiency for Ammonia/temperature modeling

The availability of N-constituents, including amnmmnwas better than for other constituents, so
the data were sufficient for developing a modehvatcuracy up to a monthly time scale. The
EMP has a long-term dataset that includes sevezasorement locations in the Delta and at or
near the model boundaries, and the main sourcds-asnstituents from waste water, near

Stockton and Sacramento, each had data sets wghaowostituents that covered most of the 19-
year modeled period. The smaller waste water trewtrfacilities had mixed coverage. Sections
7.7.2 and 14.1.1 discuss the availability of terapee data, which was sufficient for validation

and calibration. Section 7 has detailed descriptiointhe data available for defining the model
boundaries and for calibration.

14.2 Suggested Monitoring Regime for the Current Conceptal Model

This section covers suggestions for a monitorimmp@am under the assumption that the scheme
will be used in the current model formulation, dhdt measurements should be taken for each of
the modeled constituents.

14.2.1Temporal coverage

The desired temporal coverage depends somewhdteodemands of the modeling effort —a
model aiming at temporal scale on the order of im®méquires fewer data points than a model
hoping to capture diurnal or tidal variations. T@ali4-1 gives a listing of the suggested timing
for the measurement of the primary model constisjesther than EC, with a coarse breakdown
by desired temporal accuracy under the assumptibna odaily accuracy requirement
(approximately).
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For water temperature modeling, because instrurtients relatively simple to maintain and it
can be placed in-situ, the suggested measurenmamieincy is hourly and at a minimum daily.
Meteorological measurements are generally takésaat hourly.

If a special study were to be developed, then tiohaing and measurement frequency would
need to considered together, under the assumtatritte more difficult or costly measurements
would be taken sporadically at a higher frequeranyd most likely at a finer spatial scale.
Occasional high frequency measurements (severaktarday) are important for teasing out tidal
effects and day/night fluctuations in dynamics.

14.2.2Spatial/Regional coverage

Figure 14-1 through Figure 14-4 illustrate sugggssampling locations for an enhanced
monitoring scheme, with lesser priority locationglicated by yellow stars. Ideally, for most of
the nutrients, all locations would be sampled. Tie&v monitoring locations cover areas that
appear to important dynamically in the model (CaSlmugh, Jersey Point) or because they are
near model boundaries (Figure 14-1) or in majomaets or sloughs (for example, in Suisun
Marsh, Figure 14-3).

14.2.3Supplementary measurements

Full sets of water analyses at monthly or weektgrvals are valuable in providing a detailed
view of the water chemistry, For example, in thepart R. Dahlgren’s dataset was used to
develop EQ3/6 geochemical models that helped defspects of the system’s water chemistry
such as level of biological activity.

Pat Gilbert and others recognized the need tongdusish between algal species and bacteria
utilizing and transforming the nutrients. Althoutite current model formulation only allows for
one algal species, one suggested improvement teaheeptual and numerical models is the
inclusion of multiple algal and bacterial speci€Bis would require additional measurements as
a high priority.

Currently, measurements of biological activity ire tsediment are not available. Although the
model concept for sediment interactions is curgentidimentary, the lack of information to
inform parameters utilized in the sediment dynamias a drawback.

14.3 Priority measurements

Each of the modeled constituents needs to be mexhsucluding CBOD and organic-N which
are not currently measured. The frequency shoulal beast at the desired temporal accuracy in
Table 14-1, under the assumption that a model wliily temporal accuracy should be
developed. Of the locations identified as higheorgy in Figure 14-1 through Figure 14-4, the
Yolo/Cache region and the north Delta (SacramemnterEmodel boundary through Georgiana
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Slough) are the most important areas to obtain lseogmtary measurements for ammonia
dynamics in the current study.

14.4 Monitoring for an Improved Conceptual Model

Organic matter can be more or less bioavailable, tae current model does not allow the
disaggregation of organic materials. A major imgment to the conceptual model would be an
improved methodology for the dynamics of organidteraconsumption and production. This
would require an extensive collection regime fagasic data measurements.
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Table 14-1 Basic temporal measurement scheme foretcurrent nutrient model.

Location Constituent Desired Temporal Accuracy Measurement Frequency Max/Min Special Study
Inflow/outflow Boundary Water temperature hourly hourly several times/day
All meteorlogy hourly hourly
Flow hourly to daily hourly to daily
Ammonia Daily Daily to several times/wk several times/day
Nitrate Daily Daily to several times/wk several times/day
Nitrite Daily Daily to several times/wk several times/day
CBOD weekly weekly daily
DO hourly hourly hourly
PO, Daily Daily to several times/wk several times/day
Chl-a/POM Daily to several times/wk Daily to several times/wk several times/day
TKN or Organic-N Daily to several times/wk Daily to several times/wk several times/day
Organic-P several times/wk several times/wk daily
In-Delta/Receiving Water Water temperature 12 hour hourly daily
All meteorlogy hourly hourly daily
Flow 6 hour Hourly to daily
Ammonia Daily Daily to several times/wk several times/day
Nitrate Daily Daily to several times/wk several times/day
Nitrite Daily Daily to several times/wk several times/day
CBOD weekly weekly daily
DO hourly hourly hourly
PO, Daily Daily to several times/wk several times/day
Chl-a/POM Daily to several times/wk Daily to several times/wk several times/day
TKN or Organic-N Daily to several times/wk Daily to several times/wk several times/day
Organic-P several times/wk several times/wk daily
Effluent Water temperature 12 hour hourly daily
Flow 6 hour hourly to daily daily
Ammonia 12 hour 12 hour
Nitrate daily daily
Nitrite weekly weekly
CBOD weekly weekly
DO daily daily
PO, daily daily
Chl-a/POM monthly monthly
TKN or Organic-N several times/wk several times/wk
Organic-P weekly weekly
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* Approximate measurement location

* Priority Location

Figure 14-1 Suggested and prioritized locations foan enhanced nutrient monitoring scheme in the noh Delta.
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* Approximate measurement location % amwma,__

* Priority Location

Figure 14-2 Suggested and prioritized locations foan enhanced nutrient monitoring scheme in the eastn Delta.
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* Approximate measurement location

* Priority Location

Figure 14-3 Suggested and prioritized locations foan enhanced nutrient monitoring scheme in the westn Delta.
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* Approximate measurement location

* Priority Location

Figure 14-4 Suggested and prioritized locations foan enhanced nutrient monitoring scheme in the sohtDelta.
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15 Summary and Conclusions

DSM2-QUAL was calibrated for water temperature amdrients, with a focus on ammonia
dynamics. Calibration and validation statisticsdéate that the model calibration is very good for
temperature along the Sacramento River corridorth@dower San Joaquin River, and good but
biased to cooler-than desire temperatures in ththdoelta and at upstream locations on the San
Joaquin River.

The nutrient model in DSM2, QUAL, has a simple agptaal formulation that proved sufficient
for the task of modeling a long time frame, 199068, over the entire Delta. The frequency of
boundary conditions for the nutrients, essentialignthly, dictated the level of accuracy in
model results. Calibration for the N-constituentaswgenerally very good, except at a few
locations. Calibration for the P-constituents wasas good, as organic-P measurements are not
available to help constrain those constituentaréas where there were few or no measurements,
boundary conditions were set at reasonable lewelsnaintain calibration at downstream
locations.

The Yolo/Cache area appears to be important logadlgr Rio Vista and downstream to the
confluence. The inclusion of new flow data at thebbn Toe Drain had a noticeable influence
on nutrient dynamics and on volumetric contribusicaround Rio Vista and at downstream
locations. Inclusion of a flooded Liberty Island ihe DSM2 grid generally increased algal
biomass at downstream locations and decreasedrtoaibens of N-constituents.

One improvement in the model that would help irdging nutrient dynamics for ammonia is the
inclusion of multiple algal groups, and an enhanfardhulation for bacterial dynamics (most
likely the inclusion of new constituent relations). The model formulation proved inadequate
to capture the effect of clam&drbulaandCorbiculg. There are several possible approaches for
improving the conceptual model to capture theie&f on the food web. The most difficult area
to improve in the model is the treatment of orgamiaterials. Most changes would require a
major overhaul of the conceptual model.

Although the data were sufficient to develop a ieatr model focusing on ammonia dynamics,
there are several ways in which the monitoring pog should be improved. First, some model
constituents are not measured (organic-P and CB@RIth becomes a problem in P-constituent
dynamics. Next, some regions of the model do netelany coverage, and some areas have
marginal coverage. The Yolo/Cache area and portidribe eastern Delta need measurement
locations as there are currently none. Next, Sulansh and the central Delta could use
measurement locations, as most of the data thaerdly available ends in 1995. Ancillary
measurements should be taken along with the manstiteents at infrequent intervals. Full sets
of chemical analyses sufficient to develop geockahithermodynamically-based) models help
clarify the driving processes. Also, measurementdistinguish between dominant algal species
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and bacteria would help clarify the dynamics, aodl@ inform an improved conceptual model
in QUAL. Finally, sediments should be sampled talgred possible contributions to nutrient
dynamics from resident algae or marcophytes.

A sensitivity study of the model to increases aedrdases in N-constituent concentrations for
DICU, at the Sacramento and Joaquin Rivers, andh®rSacramento and Stockton WWTP’s
was completed. Changing the Stockton WWTP concgoisshad only minor effect, mainly in
nitrate concentration. The effects ceased at Twiltclsland. Similar results were seen in
changing the concentrations at the San Joaquindaoynalthough the effects persisted past
Jersey Point.

Changing concentrations at the Sacramento Rivemdsry produced changes in nitrite
concentration which were largest in drier yearsilevhitrate concentration changes were largest
in wetter years. Changes persisted past Potatd Pdinthe lower San Joaquin and to a small
degree into the Suisun Bay area. Changing N-comestitconcentrations at the Sac Regional
WWTP had a larger effect. The changes in N-coratitiwoncentration downstream of the Sac
Regional WWTP were large and sustained along thera8@nto R. corridor to Suisun Bay.
Ammonia and nitrite concentrations showed the Istrgghifts. Algal biomass increased or
decreased to small degree as effluent-N increasegdecreased.

A scenario was developed in which Sac Regional WWOgerations were switched to
nitrification. As expected, concentrations of ammodecrease and nitrate increase. Nitrite
shows large decreases at all locations which graraptly linked to the ammonia decrease. The
dynamics are complicated, and in some cases, itharshift in the timing of high points and low
points in concentration particularly for nitratelgal growth is inhibited somewhat, with a few
exceptions in wetter years.

16 Next Steps

The following suggestions highlight possible arfasextending the results of the current study.

16.1Extending Model to Current Day

The Historical nutrient model ends Dec. 31, 2008,there are new sets of high quality nutrient
measurements available to extend the nutrient medellts through July. Boundary conditions
for HYDRO and QUAL-EC are also available.

As discussed at the “Ammonia Summit”, several geoapd agencies have recently undertaken
extensive nutrient measurements in the investigatioammonia issues. These measurements
are available for use to further our understandhguutrient dynamics, and as an additional
means of assessing and improving model definitiimese data remove some of the major
problems with the historic data — the spatial dgngif measurements is much higher,
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measurements have been taken in the critically rrapd Yolo/Cache area, and measurements
have been taken at a higher temporal frequencljade &r assessment on a fine time scale (less
than daily). Because overlapping measurements Hmeen taken by several parties, the
uncertainty in the data and model can be minimized.

16.2 Publication

With some additional work, the effort undertaken tlois report can form the backbone and a
major portion of the work required for producingpablication in a peer-reviewed journal. A
refinement of some aspects of the model calibraslbould be completed. For example, it is
possible to develop return values for mass culydodt at the Martinez boundary due to tidal
activity. A refinement of the Yolo, and Sacrameatw San Joaquin River boundary conditions
could improve the downstream results of some comstis. Although much work has been
completed (summarized in this report), the analg$ithe results can be deepened, and more
pointedly address the issue of the sources and sihlekmmonia in the Delta. A synthesis of
model results and data would greatly strengthenigatton potential.

16.3 Extending Modeled Period Back to Quantitatively Assss the Effects
of Corbula

The current Historical model time span begins i8Q %ut the DMS in DWR has been working
to extend the Historical model back to the timeobeCorbulainvaded the estuary. The model
calibration to date was limited by the inabilitynoodel algal dynamics without the interference
of Corbula Calibrating the model to &orbulafree period will allow the quantitative
assessment of the effect clams have had on theob#se food web in the Delta.

The EMP has been collecting measurements at maayidos in the Delta since the 1970’s, so
there is a dataset of measurements available tinusetting inflow boundary conditions and in
calibrating the model.

16.4Uncertainty Analysis

All models are plagued by various sources of uagart, and there are methodologies available
to capture the uncertainty in model calculationbr{ghamchi et al., 2005; Himesh et al., 2000).
For example, it is possible to run a Monte Carlalgsis using DSM2/QUAL over reasonable

time frames, such as several years. These modelanensufficiently short and computing power
is easily available to accommodate such analyses.

A Monte Carlo analysis could set bounds on the macey of model predictions that are
important to understand both in a scientific searset in a regulatory sense.
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16.5Comparative Nutrient Model/lsotope Analyses

Although some collaboration has taken place wittG3Sesearchers (Kenda&lt al), there was
not funding in the original scope of work to pursudull comparative analysis of the isotope
findings in the nutrient model results. DSM2 modesults are useful in understanding isotope
analyses, and there is great potential for comstrgiand analyzing modeled nutrient results.

16.6 Yolo/Cache Region and Liberty Island Recalibration

The representation(s) of the Yolo/Cache region @ntiie Suisun Marsh region can be greatly
improved by refining the boundary conditions andluding the new Liberty model grid. The
new DSM2 Liberty grid results have shown that thelofLiberty/Cache Sl. area can have
important effect of nutrient levels downstream loé tonfluence with the Sacramento R. RMA
has worked extensively on the representation of tbigions, so an improved set of flow
boundary conditions is available for use. Additlonesearch into nutrient data acquired by
special studies would be helpful - collecting thie&ga were an effort that went beyond the needs
for this calibration report.

The Yolo/Cache region has proved particularly insgatr in nutrient dynamics downstream of
the Sac Regional effluent outfall, as recent meaments indicate the dynamics near Rio Vista
are apparently heavily influenced by the tidal dyies with the Yolo/Cache area. Improving the
model representation of this region could help Ikesssome of the questions the measurement
analyses have been posing.

Several WWTPs have effluent flowing into this regie their contributions were not included as
the Liberty grid had not been finalized when thedelavas developed. Given the relatively large
effect the region has on downstream nutrient dyoamand the large effect the inclusion of a
flooded Liberty Island has on ammonia and algaladyics, the refinement of the nutrient

dynamics and inclusion of additional effluent s@srcshould be a priority. These areas are
becoming increasingly important as restoration sreend the first step in understanding

restoration potential is improving the understagdimhat is currently happening in nutrient

dynamics there.

16.7 Suisun Marsh region

RMA has worked extensively on improving the repnéston of the Suisun Marsh, so an

improved set of flow and salinity boundary condigoand calibration data are available for use.
DWR Suisun marsh Branch has developed an improuddrgthe marsh area (Kate Le, personal
communication). Additional effort in obtaining ni&int data acquired by special studies would
be needed, an effort that went beyond the effauired for this calibration report.
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17 APPENDIX |

17.1DSM2 Grid

Model Grid in the Delta
With Shoreline
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Figure 17-1 DSM2 model grid (red) with the shorelie of the Delta shown in black.
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Franks Tract
Bethelisland

Mildred Island
Discovery Bay
Clifton Court Forebay

abrwnNE

Figure 17-2 Channels (red), reservoirs (blue numbe), and nodes (black) in the DSM2 model grid.
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17.2 Data Sources — Figures and Tables

Table 17-1 Data sources for effluent data and in-Di& measurements.

Effluent Data Locations
Sacramento Regional County Sanitation District
Woodland
Vcacaville
City of Stockton - M.U.D.
City of Tracy
Lodi
Manteca
Delta Diablo
Fairfield-Suisun
CCCSD
Effluent Data - Regional Board
Various Central Valley sources
Various San Francisco Bay sources

In-Delta measurements
Access data base for Central Valley Drinking Water Study
Various effluent and in-Delta measurements
Boundary condition measurements
Access data base of nutrients
DICU data
2007 - 2009 nutrient data

Name
Robert Seyfried,Vyomini Pandya
Mark Hierholzer, Erich Delmas
Tony Pirondini
Larry Huber
(Steven Bayley)

Charles Swimley
Heather Grove
Amanda Wong Roa
Meg Herston
Bhupinda Dhalewal, May Lou Esparza

Elaine Archibald
Lynda Smyth - MWD
Randy Dahlgren
Mike Johnson
Ted Swift, Bruce Agee
Anke Mueller-Solger, Scott Waller

Organizatiion
Sac Regional
Woodland
(contact only)
City of Stockton - M.U.D.
(contact only)
Lodi
Manteca
Delta Diablo
Fairfield-Suisun
CCCSD

Regional Board - Chris Foe
Regional Board

CUWA
MWD
U.C. Davis
U. C. Davis
Mwal
EMP
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Figure 17-3Availability of USGS nutrient data at sk USGS sites. Shading (hashes, dots) indicates palyear of data.
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Year | 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2 20R003 2004 2005 2006 2007 2008 20

PO-649 Sacramento Rive
Chlorophyll a

Nitrate+l’\\lliitt£ w ))})})} ////////////////////////////////////////// ///////////////////////////%

DO

PO-653 Mid-Decker
Chlorophyll a
Nitrate+Nitrite
Nitrite
PO.
DO

Rio Vista

Chlorophyll a
DO

Pittsburg (RSACO077)
Chlorophyll a
DO

Figure 17-4Availability of USGS data at the remainng four sites. Shading (hashes, dots) indicates pel year of data.



Draft Final Report, October 2009

Year 1990 1991 1992 1993 1994

2000

2001 2 20R003 2004 2005 2006 2007 2008 2009

StocktonWWTP-RW1

Chlorophyll a

Ammonia|

Nitrate |
Organic-N

BOD

QELTETE
A\

StocktonWWTP-RW2

Chlorophyll a
Ammonia|
Nitrate
Organic-N
Nitrite

DO

BOD

QLT
N\

StocktonWWTP-RW2A

Chlorophyll a
Ammonia]
Nitrate
Organic-N
Nitrite

DO

BOD

(I
(I

StocktonWWTP-RW3

Chlorophyll a
Ammonia] .
Nitrate 000 T
Organic-N
Nitrite \
DO
BOD

QLTI

StocktonWWTP-RW4

Chlorophyll a
Ammonia|
Nitrate
Organic-N
Nitrite N

DO

BOD ——

|

QLT
A\

Figure 17-5 Availability of Stockton WWTP receivingwater measures for sites RWL to RW-4. Shading (hashes, dots) indicates partial yeaf data.
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Year

1990

1991

1992 1993 1994

1995

1996

1997

1998

1999

2000

2001 2 20R003 2004 2005 2006 2007 2008 20

D9

StocktonWWTP-RW5

Chlorophyll a
Ammonia]

Nitrate

Organic-N

Nitrite
DO|
BOD

i

3

QUILIEIEY
A\

StocktonWWTP-RW6

Chlorophyll a
Ammonia]

Nitrate

Organic-N

Nitrite
DO
BOD|

I T

i

QLT
N\

StocktonWWTP-RW7

Chloro

phyll a

Ammonia]

Nitrate

Organic-N

Nitrite
DO|
BOD

(I

QLI

StocktonWWTP-RW8

Chloro

phyll a

Ammonia]

Nitrate

Organic-N

Nitrite
DO

BOD

(I

ﬁ]\]\]\]\]\]\]\]\ﬁ

QLTATE
A\

Figure 17-6 Availability of Stockton WWTP receivingwater measures for sites RW5 to RW-8. Shading (hashes, dots) indicates partial yeaf data.



Draft Final Report, October 2009

Year 2002 2003 2004 2005 2006 2007 2008
Sac Regional RW-Freepot
Ammonia
Nitrate
TKN
Nitrite \
DO

Ortho-phosphate
Sac Regional RW-RM-4-
Ammonia
Nitrate
TKN
Nitrite \
DO
Ortho-phosphate

Figure 17-7 Availability of Sac Regional WWTP receiing water measurements. Shading (hashes, dots) indtes partial year of data.
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Year [ 199C 1991 199z 1997 199/ 199t 199¢ 1997 199¢ 199¢ 200C 2001 200z 2005 2004 2005 2006 2007 _ 200¢ _ 200¢
Greens

Chlorophyll a
Ammonia
Nitrate+Nitrite

HoodEMP

Chlorophyll a
Ammonia|
Nitrate+Nitrite

PointSac

Chlorophyll a
Ammonia|
Nitrate+Nitrite

RioVista

Chlorophyll a
Ammonia|
Nitrate+Nitrite

Emmaton

Chlorophyll a
Ammonia|
Nitrate+Nitrite
GrizzlyBayNrSuiusnSI|
Chlorophyll a
Ammonia|
Nitrate+Nitrite
HonkerBayNrWheeler
Chlorophyll a
Ammonia|
Nitrate+Nitrite
MontezumaSIBend2
Chlorophyll a
Ammonia
Nitrate+Nitrite
SacRatMallard
Chlorophyll a
Ammonia
Nitrate+Nitrite

Chipps

Chlorophyll a
Ammonia
Nitrate+Nitrite
SuisunBullsHeadMTZ
Chlorophyll a
Ammonia
Nitrate+Nitrite [IVIVININIA
SuisunMidPtNichols
Chlorophyll a
Ammonia
Nitrate+Nitrite
SuiusnMarshVolanti
Chlorophyll a
Ammonia
Nitrate+Nitrite

Figure 17-8 Availability of EMP/BDAT NH 3, NOs+NO,, and chlorophyll a measurements (Part 1). Hatchingneans partial-year data.
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Year | 1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001 2 202003

2004

2005

2006

2007

2008 201

Ammonia
Nitrate+Nitrite

LitPotatoSITermEMP
Chlorophyll a

AntiochShipChan

Chlorophyll a
Ammonia
Nitrate+Nitrite

[ShermanLake

Ammonial
Nitrate+Nitrite

Chlorophyll a

JerseyPointEMP

Ammonia
Nitrate+Nitrite

Chlorophyll a

PotatoPoint

Chlorophyll a
Ammonia
Nitrate+Nitrite

Twitchell

Chlorophyll a
Ammonial
Nitrate+Nitrite

BigBrkOakley

Ammonia
Nitrate+Nitrite

Chlorophyll a

OldRatRDR(nr ROLD024)

Chlorophyll a
Ammonial
Nitrate+Nitrite

OldRiverByron(ROLD034)

Chlorophyll a
Ammonial
Nitrate+Nitrite

OldRiverBacon

Chlorophyll a
Ammonia
Nitrate+Nitrite

FranksatRusso

Chlorophyll a
Ammonial
Nitrate+Nitrite

MiddleRUnion

Ammonial
Nitrate+Nitrite

Chlorophyll a

OldRTracy/Oak
Chlorophyll a
Ammonia
Nitrate+Nitrite

Figure 17-9 Availability of EMP/BDAT NH 3, NOs+NO,, and chlorophyll a measurements (Part 2). Hatchingneans partial-year data.
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Nitrate+Nitrite

Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2 20R003 2004 2005 2006 2007 2008 20
CftnCourtWestCnl
Chlorophyll a
Ammonial
Nitrate+Nitrite
Vernalis
Chlorophyll a
Ammonia|
Nitrate+Nitrite T
Mossdale
Chlorophyll a
Ammonial

Roughn'Readylsle

Chlorophyll a
Ammonia|
Nitrate+Nitrite

Stockton(RSAN063)

Chlorophyll a
Ammonial
Nitrate+Nitrite

DisapointmentSI|

Chlorophyll a
Ammonia|
Nitrate+Nitrite

BuckleyCove

Chlorophyll a
Ammonial
Nitrate+Nitrite

StocktonTurningBasin

Chlorophyll a
Ammonia|

Nitrate+Nitrite

Figure 17-10 Availability of EMP/BDAT NH 3, NOs+NO,, and chlorophyll a measurements (Part 3). Hatchingneans partial-year data.
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Year |1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2 2a®D03 2004 2005 2006 2007 2008 _ 20
Greens
Dissolved Oxygel
Organic-N
Orthophosphate|
HoodEMP
Dissolved Oxygel
Organic-N
Orthophosphate
PointSac
Dissolved Oxyge
Organic-N
Orthophosphat
RioVista
Dissolved Oxyget
Organic-N
Orthophosphate|
Emmaton

Dissolved Oxygel
Organic-N
Orthophosphat

GrizzlyBayNrSuiusnSI|
Dissolved Oxygel
Organic-N
Orthophosphate|
HonkerBayNrWheeler

Dissolved Oxygel
Organic-N
Orthophosphat

MontezumasSIBend2

Dissolved Oxygel
Organic-N
Orthophosphat

SacRatMallard
Dissolved Oxygel
Organic-N
Orthophosphate|

Dissolved Oxygel
Organic-N
Orthophosphat

SuisunBullsHeadMTZ
Dissolved Oxygel
Organic-N
Orthophosphat
SuisunMidPtNichols
Dissolved Oxygel
Organic-N
Orthophosphate|
SuiusnMarshVolanti
Dissolved Oxygel
Organic-N
Orthophosphate

Chipps

Figure 17-11 Availability of EMP/BDAT DO, Organic-N, and PO, measurements (Part 1). Hatching means partial-yeatata.
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Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2 20R003 2004 2005 2006 2007 2008 20
LitPotatoSITermEMP
Dissolved Oxygen |
Organic-N
Orthophosphate|

AntiochShipChan

Dissoived Gxyge/T N ——
Organic-N
Orthophosphate

Dissolved Oxyge T
Organic-N
Orthophosphate|

Dissolved Oxyge T
Organic-N
Orthophosphate

ShermanLake

JerseyPointEMF

PotatoPoint

Dissolved Oxygel
Organic-N
Orthophosphate|

Twitchell

Dissolved Oxyge
Organic-N
Orthophosphate

Dissolved Oxyge T
Organic-N
Orthophosphate
OldRatRDR(nr ROLD024)
Dissolved Oxyge
Organic-N
Orthophosphate T
OldRiverByron(ROLD034)
Dissolved Oxygen
Organic-N
Orthophosphate

BigBrkOakley

OldRiverBacon

Dissolved Oxygen
Organic-N
Orthophosphate

FranksatRusso

Dissolved Oxyge
Organic-N
Orthophosphate JUTTIH

Dissolved Oxyge Ty
Organic-N
Orthophosphate|

Dissoived Oxyge/N
Organic-N
Orthophosphate

MiddleRUnion

OldRTracy/Oak

Figure 17-12 Availability of EMP/BDAT DO, Organic-N, and PO, measurements (Part 2). Hatching means partial-yeattata.
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Year

| 1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001 2 20R003

2004

2005

2006

2007

2008

CftnCourtWestCnl
Dissolved Oxyge!
Organic-N
Orthophosphate

Vernalis

Dissolved Oxyge!
Organic-N
Orthophosphate

Mossdale

Organic-N
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Figure 17-13 Availability of EMP/BDAT DO, Organic-N, and PO, measurements (Part 3). Hatching means partial-yeattata.
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Figure 17-15 Location of BDAT grab-sample measurenmés for chl-a in the northern Delta.
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DSM2 Temperature and Nutrient Calibration
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Figure 17-18 Nutrient levels in two large regionsfahe Delta are totally or partially unconstrainedin

calibration (i.e., no measurement data for some caftituents).
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Table 17-2 Nutrient data obtained from BDAT (#1)

Station Name Name in Model Station ID Other Name Latitude Longitude Sources
Antioch Antioch RSAN007 38.01777778 -121.801667 IEP
Between Navy and RR bridgesmg/L as N TurnerCut Tuter CHRNOOE':;.;MZ Ch 172, BDAT
Big Break near Oakley BigBrkOakley D14A 38.01776 -121.7114 EMP
Carquinez Strait near Glencove Harbor GlencoveHarbor NZz002 38.06529 -122.2152 EMP
Carquinez Strait near Ozol Pier OzolPier NZ004 38.03576 -122.1616 EMP
City Of Stockton Treatment Plant StocktonWWTP FE(RWCF) DSM2 Node 15 BDAT?
Clifton Court Intake ClftCrtintake KA000000 DSM2 Res CLFCT 37.829781  -121.557353 WDL
Disappointment Slough @ Bishop Cut DisapointmentS| MD10 DSM2 Ch 317 L=7700 38.04381 -121.4188 EMP
Disappointment Slough @ Bishop Cut DisapointmentSIA MD10A DSM2 Ch 317 L=7701 38.04226 -121.4199 EMP
Frank's Tract near Russo's Landing FranksatRusso D19 DSM2 Node 225 38.04376 -121.6148 EMP
From end of dock at Mossdale county park MossdalePark Mossdale BDAT?
Georgiana Slough above Mokelumne River GeorgianaSlatMoke MD2 DSM2 RMKLO005 EMP
Georgiana Slough at Walnut Grove Bridge GeorgianaSlatWalnutGr B9D81441309 38.2375 -121.516389 WDL
Grant Line/Fabian/Bell Canals nr Old R. GrantLineNrOIdR B9D74931328 37.819444 -121.547222 WDL
Grant Ln Can @ Tracy Rd Bdg GrantLineatTracy B9D74921269 37.82 -121.448889 WDL
Grizzly Bay @ Dolphin nr. Suisun Slough GrizzlyBayNrSuisunS| D7 DSM2 Node 228 38.11714 -122.0397 EMP
Honker Bay near Wheeler Point HonkerBayNrWheeler D9 DSM2 Node 328 38.07244 -121.9392 EMP
Honker Cut at Atherton Road Bridge HonkerCutatAtherton B9D80361275 38.059444 -121.458333 WDL
Hood HoodIEP RSAC142 38.36805556  -121.519444 IEP
L. Potato Slough @ Terminous LitPotatoSITermwDL B9D80691298 38.114722 -121.496389 WDL
Light 12 SJRLight12 Station ID from Kendall SC-12 38.04267 -121.49883 SJIRSGdy
Light 14 SJRLight14 SC-14 38.034 -121.48367 SJRDO Stud
Light 28 SJRLight28 SC-28 37.99383 -121.4325 SJRDO Stu
Light 34 SJRLight34 SC-34 37.994 -121.41367 SJRDO Stu
Light 4 SJRLight4 SC-04 38.0555 -121.5295 SJRDO Stu
Light 40 SJRLight40 SC-40 37.97817 -121.3825 SJRDO Stu
Light 6 SJRLight6 SC-06 38.05383 -121.51517 SJRDO Study
Little Potato Slough @ Terminous LitPotatoSITermEMP MD7A 38.11382 -121.498 EMP
Mallard Isl Mallardisle RSACO075 38.04361111 -121.918611 IEP
Mallard Slough Mallards! DO-62 ?2DSM2 SLML001 37.19187 -120.82379 SIJRDO Stufly
Martinez Martinez RSAC054 38.02805556  -121.138056 IEP
Middle R. @ Borden Hwy. MiddleRBordenHwy B9D75351293 DSM2 RMID023 37.891111  -121.488889 WDL
Middle River @ Union Pt. Middle RUnion P10A DSM2 ec5500 37.89126 -121.4883 EMP
Middle River @ Victoria canal MiddleRVictCanal P10 37.8912 -121.4894 EMP
Middle River at Bacon Island Bridge MiddleRBacon B9D75741317 37.955833 -121.527778 WDL
Middle River North of Bacon Island Bridge MiddleRBaconN MD5 EMP
Mokelumne R. below Georgiana S| MokeBlwGeorgianna B9D80771345 38.126944 -121.578333 WDL
Mokelumne River @ Franklin road bridge MokeFranklin P2 38.25542 -121.4403 EMP
Montezuma Slough, 2nd bend from mouth MontezumaBend?2 NZz032 38.16991 -122.0211 EMP
Mossdale MossdalelEP RSANO087 37.78638889  -121.306111 IEP
NEW JERUSALEM DRAIN NewJerusDrain CDEC-NJD 37.7267 -121.2996 CDEC
Old R. nr. Byron (St 9) (NEAR HWY 4 BRIDGE) OIldRByron B9D75351342 DSM2 ROLD034 37.891111  -121.569167 WDL
Old River @ Oak Island OIdROaklsle P12A DSM2 ROLD059 37.80284 -121.4569 EMP
Old River @ Rancho Del Rio OldRatRDR D28A DSM2 ROLD024 37.97048 -121.573 EMP
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Table 17-3 Nutrient data obtained from

BDAT (#2)

Station Name Name in Model Station ID Other Name Latitude Longitude Sources
Old River @ Tracy Road Bridge OIldRTracyEMP P12 DSM2 Ch 71, length 37.80472 -121.45 EMP
Old River at Bacon Island OldRBacon B9D75811344 DSM2 ROLDO024 37.969444 -121.571111 WDL
Old River nr Tracy OldRTracyWDL B9D74731285 DSM2 ROLDO059 37.788889  -121.475 WDL
Old River PP on Hwy 4 OIdRHwy4 B9D75331345 DSM2 ROLDO034 37.888333 -121.575278 WDL
Prisoner’s Point/ Light 57 PrisonerPt Prisoner Pt SC-57 38.05967 -121.556 SJRDO S
Rio Vista RioVistalEP RSAC101 38.145 -121.691667 IEP
Rock Slough at Contra Costa Canal Intake RockSlatCCC D27 DSM2 CHCCCO006 EMP
Rough and Ready Island RRIsland Rough and Ready DSiVEOClength SJRDO Stud
SACRAMENTO R A HOOD HoodWDL B9D82211312 RSAC142 38.368611 -121.520556 WDL
) . DSM2 eiether Ch 437,
Sacramento River @ Chipps Island Chipps D10 442 Length 38.04631 -121.9183 EMP
Sacramento River @ Emmaton Emmaton D22 Rsac092 38.08453  -121.7391 EMP
Sacramento River @ Greenes Landing Greens C3 PSAC139 38.34575 -121.5461 EMP
Sacramento River @ Hood HoodEMP C3A RSAC142 38.36771 -121.5205 EMP
Sacramento River @ Mallard Island MallardIsleEMP D10A 38.044 -121.919 EMP
Sacramento River @ Martinez MartinezEMP D6A RSAC054 38.028 -122.138 EMP
Sacramento River @ Rio Vista RioVistaEMP D24A RSAC101 38.15 -121.7 EMP
Sacramento River @ Rio Vista Bridge RioVistawDL B9D80961411 38.159722 -121.685 WDL
Sacramento River above Point Sacramento PointSac D4 DSM2 PO-649 38.06248 -121.8205 EMP
Sacramento River below Rio Vista Bridge RioVistaBridge D24 38.15778  -121.6847 EMP
Sacramento River below Walnut Grove SacRWalnutGrove MD1 EMP
San Joaquin R nr Vernalis VernalisUSGS 11303500 RSAN112 37.67611111 -121.265278 USGY
San Joaquin R. @ Hwy 4 SJRatHwy4 B9D75571196 RSANO087 37.928333 -121.327222 WDL
San Joaquin R. @ Mossdale Bridge MossdaleBrwDL B9D74711184 37.786111 -121.305833 WDL
San Joaquin R. nr. Vernalis VernaliswDL B0702000 RSAN112 37.676111 -121.264167 WDL
San Joaquin River @ Antioch Antioch D12A RSANO007 38.018 -121.802 EMP
San Joaquin River @ Antioch Ship Channel AntiochShipChan D12 38.02161 -121.8063 EMP
San Joaquin River @ Buckley Cove BuckleyCove P8 DSM2 P8-SJRBuck 37.97817 -121.3823 EMP
San Joaquin River @ Jersey Point JerseyPointEMP D15 RSANO018 38.05217 -121.6896 EMP
San Joaquin River @ Mossdale Bridge MossdaleBrEMP C7 37.78607 -121.3077 EMP
San Joaquin River @ Mossdale Bridge MossdaleBrIEMPA C7A 37.786 -121.306 EMP
San Joaquin River @ Potato Point PotatoPoint D26 DSM2Ch 44,0 38.07664 -121.5669 EMP
San Joaquin river @ Stockton Stockton P8A RSAN063 37.963 -121.365 EMP
San Joaquin River @ Twitchell Island Twitchell D16 38.0969  -121.6691 EMP
San Joaquin River at Bowman Road SJRBowmanRd R1 SJRDO Stud
San Joaquin River at Brandt Bridge SJRBrandtBr Cé6 RSANO072 37.864926 -121.322723 EMP
San Joaquin River at Highway 4 Bridge SJIRHwy4Br R2 SJRDO Stud
San Joaquin River at Mossdale MossdaleSJRDO MY RSANO087 SJRDO Stud
San Joaquin River at Vernalis VernalisSJIRDO VS RSAN112 SJRDO Stud
San Joaquin River Mccune Station near Vernalis SdRMe C10A 37.67929 -121.26511 EMP
San Joaquin River near Mokelumne River SJRatMoke MD1 DSM2 Ch 45, 0 EMP
SAN JOAQUIN RIVER NEAR VERNALIS VernalisCDEC CDEC-\8I RSAN112 37.667 -121.267 CDEC
San Joaquin River near Vemalis VernalisEMP C10 RSN 37.67575  -121.265 EMP

udy
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Table 17-4 Nutrient data from BDAT (#3)

Station Name Name in Model Station ID Other Name Latitude Longitude  Sources
San Joaquin River Ship Channel at Light 18 SJRLight18 R8 SC-18 38.02183 -121.46567  SJRDO Study
San Joaquin River Ship Channel at Light 19 SJRLight19 Lt19 SC-19 38.01067 -121.45667  SJRDO Study
San Joaquin River Ship Channel at Light 24 SJRLight24 R7 SJRDO Study
San Joaquin River Ship Channel at Light 36 SJRLight36 R6 SJRDO Study
San Joaquin River Ship Channel at Light 38 SJRLight38 SJR Ship Channel @ Lt 38 SJRDO Study
San Joaquin River Ship Channel at Light 41 SJRLight41 R1 SC-41 37.96867 -121.3715 SJRDO Study
San Joaquin River Ship Channel at Light 43 SJRLight43 SJR Ship Channel @ Lt 43 SC-43 37.95867 -121.35933  SURMDdy
San Joaquin River Ship Channel at Light 45 SJRLight45 R4 SJRDO Study
San Joaquin River Ship Channel at Light 48 SJRLight48 SJR Ship Channel @ Lt 48 SC-48 37.95217 -121.33783  SIRMDdy
Saramento River @ Mallard Island SacRatMallard EOB80261551 RSACO075 38.043611 -121.918611 WDL
Sherman Lake near Antioch ShermanLake D11 38.04229 -121.7995 EMP
SJR at Mossdale MossdaleSIRDO2 DO-04 RSANO087 37.7871 -121.30757  SJRDO Stydy
South Fork Mokelumne below Sycamore Slough  SForkMokeblwSycmrSI MD7 38.12513 -121.497 EMP
Stockton StocktonlEP RSANO063 37.96277778  -121.365 IEP
Stockton Turning Basin StocktonTurnBasin B SC-STB, STKN-TB 37.95233 -121.31733  SJRDO Stydy
Suisun Bay @ Bulls Head nr. Martinez SuisunBullsHeadMTZ D6 near DSM2 RSACO054 38.04436 -122.1177 EMP
Suisun Bay near Preston Point SuisunPrestonPt D2 38.06544 -122.0545 EMP
Suisun Bay off Middle Point nr. Nichols SuisunMidPtNichols D8 DSM2 SLML001 38.05992 -121.99 EMP
Suisun Slough @ Volanti Slough SuisunatVolanti NZS42 DSM2 SLSUS012 38.18045 -122.0476 EMP
Suisun Slough 300’ south of Volanti Slough SuisunSofVolanti S42 38.18047 -122.0469 EMP
Sycamore Slough near Mouth SycamoreSIMouth MD6 38.1415 -121.4687 EMP
Turning Basin Deep Water Ship Channel at Port ot&bn PortofStockton Turning Basin SC-STB, STKN-TB OK I_o'\élaft;ecan SJRDO Study
West Canal @ Clifton Court Intake ClftnCourtWestCnl Cc9 DSM2 Node 72 37.83028 -121.5549 EMP
White Slough above Honker Cut WhiteSIHonkerCut MD9 EMP
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Table 17-5 Sacramento Regional WWTP receiving watetata at the Freeport location from 2004 — 2008talic font indicates the measurement was at

the instrument detection limit.

Freeport DOC DO urrlfr(]:os/ pH Temp | TOC |Turbidity | Ammonia| Nitrate Nitrite Orthophosphate- | Phosphorus TKNmg/
mg/L mg/L cm ()] mg/L NTU mg/L mg/L mg/L dissolved mg/L | as P mg/L L
08/10 - 11/04 1.8 10 150 7.7 216 1.9 9.4 0.10 0.10 0.100 0.130 0.20 0.51
10/5/2004 1.8 10 150 7.7 21.6 1.9 9.4 0.10 0.10 0.100 0.130 0.20 0.51
10/19-20/04 1.6 10 130 7.4 16.1 1.7 6.4 0.10 0.14 0.100 0.150 0.10 0.19
12/07-08/04 25 14 210 7.9 9.10 2.6 9.1 0.10 0.17 0.100 0.100 0.13 0.40
1/28-29/05 2.3 11 250 7.9 10.2 2.4 24 0.10 0.32 0.100 0.100 0.13 0.36
02/15-16/05 2 14 200 7.8 11.3 2 11 0.10 0.27 0.100 0.110 0.085 0.29
04/12-13/05 1.9 12 150 7.7 14.8 1.8 19 0.10 0.15 0.100 0.100 0.050 0.50
06/07-08/05 1.3 8.5 110 7.7 17.4 1.3 11 0.10 0.10 0.100 0.050 0.050 0.25
8/2/2005 17 12 150 8.1 221 1.7 13 0.1 0.11 0.100 0.050 0.17 0.062
10/4/2005 14 13 130 7.8 16 14 6.2 0.1 0.1 0.100 0.050 0.29 0.05
12/1/2005 11 190 7.7 10.5 12 0.1 0.16 0.100 0.060 0.37 0.078
2/7/2006 2.2 12 100 7.2 9.7 3.3 55 0.1 0.12 0.100 0.050 0.16 0.059
2/27/2006 3.3 15 130 7.7 104 19 0.1 0.27 0.100 0.055 0.1 0.05
3/7/2006 16 95 7.4 9.6 39
4/4/2006 3 14 95 7.6 10.2 2.4 38 0.1 0.1 0.100 0.050 0.31 0.075
6/13/2006 2.8 10 180 7.7 18 1.2 18 0.1 0.1 0.100 0.050 0.25 0.05
8/3/2006 11 11 140 7.8 21 2.1 16 0.1 0.1 0.100 0.050 0.2 0.05
10/11/2006 1.3 9.1 140 7.8 16.9 3.6 6.2 0.1 0.15 0.100 0.050 0.27 0.05
11/3/2006 15 11 140 7.7 14.6 2.1 5.9 0.1 0.17 0.100 0.050 0.36 0.05
12/9/2006 11 12 170 7.6 10 1.8 10 0.1 0.14 0.100 0.050 0.32 0.054
2/8/2007 2.8 13 190 7.6 10.5 5.2 14 0.14 0.13 0.100 0.050 0.5 0.054
4/3/2007 4.5 11 130 7.9 15.9 3.9 6.8 0.1 0.1 0.100 0.050 0.2 0.05
6/5/2007 5.6 9.2 210 7.1 21.5 6.8 6.2 0.1 0.1 0.100 0.050 0.27 0.05
08/07/2007 - 8/8/2007 2.0 9.1 180 7.8 19.8 2.0 74 0.028 39.0 0.0029 0.0140 0.05 0.18
10/09/2007 - 10/10/2007 1.2 10 170 7.9 16.5 14 3.2 0.026 0820. 0.0020 0.0240 0.034 0.57
12/04/2007 - 12/5/2007 10 190 7.8 104 11 0.042 0.14 0.0042 0.0680 0.042 0.48
01/04/2008 - 01/05/2008 2.7 14 200 7.8 7.67 2.7 20 0.12 0.25 0.0056 0.0480 0.065 0.89
02/05/2008 - 02/06/2008| 5.2 13 150 7.6 7.2 3.6 250 0.017 310. 0.0063 0.0390 0.24 0.89
04/01/2008 - 04/03/2008 1.9 10 200 8 14.4 2.1 7.2 0.1 0.13 0.0034 0.0330 0.05 0.81
06/11/2008 - 06/11/2008 3.6 8.9 130 7.7 19.8 4.9 12 0.062 0.023 0.0031 0.0260 0.044 0.51
Average 2.7 115 158.7 7.7 14.5 2.6 225 0.1 0.1 0.0039 0.1 0.2 0
Max 11.0 16.0 210.0 8.1 221 6.8 250.0 0.1 0.3 0.0063 0.1 0.5 0
Min 1.1 8.5 95.0 7.1 7.2 1.2 3.2 0.0 0.0 0.0020 0.0 0.0 0.
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Table 17-6 Sacramento Regional WWTP receiving watatata at the RM 44 (River Mile 44) location from 204 — 2008l talic font indicates the

measurement was at the instrument detection limit.

DOC DO EC Temp| TOC Turbidity |Ammonia| Nitrate | Nitrite | Orthophosphate-| Phosphorus| TKN
RM 44 umhos/ pH o .
mg/L mg/L om ()] mg/L NTU mg/L mg/L mg/L dissolved mg/L | as P mg/L | mg/L
8/10-11/04 1.9 11 160 7.7 21.8 1.7 9.7 0.14 0.10 0.10 0.10 80.07 0.40
10/5-6/04 14 9.6 150 7.8 194 1.6 6.5 0.24 0.11 0.10 0.10 0.11 0.70
12/7-8/04 2.6 14 210 7.6 9.10 3 7.3 0.32 0.17 0.10 0.10 0.16 6 0.
2/15-16/05 2.2 14 220 7.5 114 2.3 12 0.38 0.25 0.10 0.10 0.11 73 0
4/12-13/05 12 160 7.7 14.7 20 0.12 0.16 0.10 0.10 0.058 0.y9
6/7-8/05 14 9.9 120 7.6 17.5 1.3 14 0.14 0.10 0.10 0.050 0.10 A7 0
8/2/2005 15 9.8 160 8 22.3 1.6 9.2 0.21 0.1 0.1 0.074 0.48 0.11
10/4/2005 1.6 13 140 7.6 16.3 1.8 7 0.32 0.1 0.1 0.06 0.67 0.079
12/1/2005 10 190 7.4 10.6 11 0.42 0.15 0.1 0.069 0.85 0.088
2/7/2006 2.2 12 97 6.5 9.8 3.1 58 0.1 0.15 0.1 0.05 0.28 0.072
4/4/2006 3 14 98 7.5 10.2 2.2 43 0.12 0.11 0.1 0.05 0.35 0.083
6/13/2006 2.3 11 190 7.4 18 0.91 13 0.12 0.14 01 0.051 0.5 0.064
8/3/2006 1 11 150 7.5 20.9 25 12 0.1 0.15 0.1 0.05 0.45 0.085
10/11/2006 1.9 9.1 140 7.8 17.1 18 7.1 0.31 0.47 0.1 0.077 0.76 0.11
12/9/2006 2.4 12 180 7.7 10.2 15 11 0.39 0.14 0.1 0.052 0.71 0.082
2/8/2007 25 13 200 7.6 10.7 5.5 16 0.41 0.13 0.1 0.064 0.76 0.07
4/3/2007 4.3 11 140 7.7 16 4.3 8.7 0.34 0.1 0.1 0.05 0.81 0.054
6/5/2007 6.3 8.3 220 7 21.6 6.6 6.4 0.1 0.1 0.1 0.058 0.7 0.05
08/07/2007 - 8/8/2007 2.0 9 190 7.7 20 15 6.8 0.11 0.0260.0082 0.027 0.036 0.45
10/09/2007 - 10/10/2007 1.7 10 180 7.6 16.7 1.9 4.8 0.37 820.0 0.0027 0.074 0.096 0.84
12/04/2007 - 12/5/2007 10 200 7.5 10.3 6.3 0.29 0.15 0.0044 0.1 25 0.73
02/05/2008 - 02/06/2008 55 12 150 6.8 7.1 3.6 260 0.088 29 0. 0.0061 0.046 0.21 0.99
04/01/2008 - 04/03/2008 2 10 190 7.9 14.3 2 5.7 0.077 0.12 0035. 0.04 0.046 0.88
06/11/2008 - 06/11/2008 3.1 8.6 150 7.3 19.5 2.8 12 0.34 360.0 0.0039 0.058 0.085 0.83
Average 25 11.0 166.0 7.5 15.2 25 23.6 0.23 0.14 0.0048 0.07 0.45 004
Max 6.3 14.0 220.0 8.0 22.3 6.6 260.0 0.42 0.47 0.0042 0.10 2.50 99 0
Min 1.0 8.3 97.0 6.5 7.1 0.9 4.8 0.08 0.03 0.0045 0.03 0.04 0.05
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17.3CBOD and BOD

Biochemical Oxygen Demand, or BOD, is a test useah¢asure the mass of oxygen consumed
for unit volume of water, and is considered a measi the concentration of biodegradable
organic material present in solution (Brake 1998js a widely used test important in nutrient
studies as dissolved oxygen is consumed when argaaiter is oxidized by microbes. The
measurement is further distinguished by the nundbetays the test is allowed to run, so the
BODs test runs for 5 days. BQDs typically assumed to represent about 60 — 80%h®
ultimate BOD, or BOL, which is the measurement taken after 20 daysté&\aster treatment
plants frequently measure BOD in the effluent a®ireng waters can only assimilate limited
guantities of organic matter before adverse effectsir.

The BOD measurement can be split into two stagé€sarbonaceous BOD, or CBOD, and
Nitrogenous BOD, or NBOD. CBOD measures the oxygmmsumption due oxidation of carbon
and NBOD measures the oxygen consumed due to tidatmn of nitrogenous compounds.
Because nitrifying bacteria can take 8 — 10 day®rbesufficient numbers are available to
oxidize the N-compounds, BQDs an approximate measure of CBOD after corredaator for
the length of the test. Unless nitrification isilmted in the BOD test, longer BOD tests such as
BODyo will include the NBOD.

In reality, all organic matter is not equal in termf a BOD, CBOD or NBOD measurements.
Some organic material is labile, or easily utilizbg microbes, and some is refractory or
recalcitrant, i.e., practically unavailable as aergy source over the short term. For example,
sewage effluent organic matter is considered labileile paper mill effluent is refractory or
recalcitrant in nature (Chapra, 2008).

Some WWTPs measure both BOBnd CBOD, such as City of Stockton WWTP and Lodi
WWTP. Regression relationships between B@Dd CBOD for these measurements sets give
similar regression relationships. Stockton WWTP hddirly extensive set of measurements to
compare which gave the following regression retegiop which was used to convert all BOD
to CBOD:

CBOD = (0.48)* BOR+ 0.8.
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17.4Fluorescence Data
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Figure 17-19 Linear regression between concentratioof chlorophyll a and signal strength of fluorescece at

Hood. Red line indicates 5 pg/L of Chlorophyll a.
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Figure 17-20 Linear regression between concentratioof chlorophyll a and signal strength of fluorescece at

Mossdale. Red line indicates 5 pg/L of Chlorophytkh.
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Figure 17-21 Linear regression between concentratioof chlorophyll a and signal strength of fluorescece at

Martinez. Red line indicates 5 pg/L of Chlorophylla.
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17.5Singular Spectrum Analysis

Singular Spectrum Analysis (SSA) is essentiallyaaation on Principle Components Analysis.
This is a relatively new analytical method usegtanious fields to analyze time series daga (
stream flow, global temperature). Schoelhammedl2@developed and used SSA methodology
to fill data gaps in suspended sediment conceatratata — up to 50% of the data in the time
series was missing or invalid, and SSA was uséd these data gaps. When used for filling
data gaps, the SSA methodology is akin to foremgstiethodology for time series.

For this project, a software package CAT-MV (foe tiCaterpillar-SSA” method) was purchased
to use in filling data gaps for continuous (15-nmear hourly interval) data. CAT-MV uses the
SSA method to approximate time series data anthfithissing data with approximations. As
illustrated in Figure 17-22 to Figure 17-24, beldke following methodology was used on data
that had been pre-screened to remove invalid data:

— Atime series of data of a given length (such gsa or several months) was
selected and imported into the CAT-MV software

— A window length, related to the length of the laiggata gap was selected and the
SSA methodology was used in the software to apprate the time series

— The software develops a lagged set of sub-vectibis Iag is related to the
“window length”) to form a trajectory matrixX

— An orthogonal basis of eigenvectors for the maix' is calculated to
approximate the time series as a set of additivepoments to estimate trend and
periodicity

— A subset of the entire solution set is selectethbyuser to approximate the data,
the fit is examined, and the resulting approximatathset is exported

— Gaps in the original dataset are then filled ush®gySSA approximations, but the
original data is retained.

Figure 17-22 shows that for a time series of howdyer temperature data at Martinez with short
gaps (black lines), using a larger set of approkimgeeigenvectors (24 instead of 4) significantly
improved the fit. The CAT-MV (red lines) approxititas to hourly water temperature data
(blue lines) at Martinez both used a window lenaft@88 hours. Black vertical lines indicate
missing data points. The upper plot used only 4obtite available eigenvectors, while the lower
plot used 24 eigenvectors. Figure 17-23 showsdkiglwals from one year (upper) and two-year
approximations to this data. Residuals are larggummer months, but are generally within +/-
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1 °C. Longer data gaps (Figure 17-24) were geneaglproximated better using a window
length shorter than the data gap.
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Residuals and Histogram WL=288, EV = 24, One Year MTZ
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Figure 17-23 Upper: Residual plot and histogram o& Cat-MV model fit to one-year of hourly water temperature at Martinez, window length was 288,

24 eigenvectors. Lower: Residuals applied to a twygear data set: the fit during summer months poorm comparison to winter.
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17.6 Model Boundary Conditions
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Figure 17-25 Meteorological measurements from NOAAt the Stockton airport (yellow star), and CIMIS
measurements, indicated by yellow Google Earth puspins.
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Temperature Data
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Figure 17-26 Locations of temperature data regulatime series. Data quality and length of record isariable.
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Figure 17-27 The coverage and quality of temperat@r data used in model or the years 1999 — 2008.
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Figure 17-28 The coverage and quality of temperat@r data used in model for the years 1990 — 1998.
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Figure 17-29 Flow data at the Lisbon Toe Drain (LISred line) and boundary condition data from DSM2 &the Yolo boundary (blue line).
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Figure 17-30 Wind speeds for the CIMIS stations atodi and at Twitchell Island show a factor of two dfference in wind speed.
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CIMIS wind — Avg. hourly measurement 2 m above ground
NOAA wind — Instantaneous measurement 26 ft above ground
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Figure 17-31 Wind speeds for the CIMIS station at bdi and the NOAA station at Stockton show a factotwo variation in reported speed.
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Figure 17-32 Red line is the smoothed boundary (drigulb upper, wet bulb lower) used to get model

convergence during these periods.

39




Draft Final Report, October 2009

0.8

ppm

0.6

0.4

0.2

o 1 1{ L]
Nw ]
1991 1992 1993 I 1994 I 1995 I 1996 I 1997 I 1998 I I I I

1999 2000 f 2001 f 2002 f 2003 f 2004 f 2005 2006 2007 f
——FREEPORT UCD NH3 ——SACREG-RW1 NH3 ——SACREG-RW1-B NH3 ——UPSAC BDAT NH3

Figure 17-33 Ammonia concentration data above Freeypt from three sources, UC Davis (blue), BDAT
(black) and Sac Regional receiving waters monitorig (two data sets, red and dark blue).
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Figure 17-35 Sac Regional flow, temperature, ammoaiand organic-N effluent concentrations.
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Figure 17-36 Sac Regional nitrate, nitrite, organid®, CBOD and PQ effluent concentrations.
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Figure 17-37 Stockton WWTP flow, temperature, ammoia and nitrate effluent concentrations.
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Figure 17-38 Stockton WWTP organic-N, nitrite, organic-P, CBOD and PQ effluent concentrations.
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Figure 17-39 Sac Regional and Stockton WWTP efflug¢ieC concentrations.
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Table 17-7 Availability of measurements for seven WTPs in the DSM2 model domain

Location Stockton Sac Regional CCCSD Delta Diablo Tracy Manteca Lodi Fairfield-Suisun
Tertiary since Tertiary since Tertiary since Ol . Advanced
September 20'06 Secondary Secondary Secondary July 2007 08/03 Tertiary secondary
Flow mid-1992 - 2008 1990 - 2008 2000 - 2008 2004 - 2008 9®®b 2008  04/04 to 08/08 05/00 - 07/06 2004 - 2008
1996 -2008,
Temp o 1998 - 2008 2000 - 2008 no data 07/98 to 2008 04/@8t068 02/05 - 07/06 2004 - 2008
missing 2001, 2002
NH3 mid-1992 - 2008 1990 - 2008 2000 - 2008 03/04 to 2008/98® to 2008  05/04 to 08/08 05/00 - 07/06 03/04 10820
NO3 mid-1992 - 2008 1990 - 2008, missing 55, 5544 nodata  07/2007 to 2008 07/06to 08/08 aw@d  10/07 to 2008
short periods
NO2 mid-1992 - 2008 2092 ;jggi’ng'ss'”g 2000 - 2008 nodata  07/2007 to 2008 07/06to 08/08  ate d no data
Org-N mid-1992 - 2008 19905'2321%”?“35'”9 2000 - 2008 nodata  07/2007 to 2008 no data nodata  716/2008
BOD5 mid-1992 - 2008 1998 - 2008 no data 07/98 to 2008 HW®M8/08 05/00 - 07/06 2004 - 2008
CBOD mid-1992 - 2008 2000 - 2008 no data
PO4 mid-1992 - 2008 1998 'srzgdn;%%tg"ss'” 2000 - 2008 no data no data no data nodata  10/20000® P
Org-P no data no data no data no data no data no data no data datano
DO mid-1999 - 2008 no data 2000 - 2008 no data no data atod 02/05 - 05/06 no data
Chl-a no data no data no data no data no data no data no data datano
EC mid-1992 - 2008 2004 - 2008 no data no data 07/980682 09/05 to 08/08 05/00 - 07/06 no data
pH mid-1993 - 2008 2000 - 2008 no data no data 07/980082 04/04 to 08/08 02/05 - 07/06 2004 to 05/0f

46



Draft Final Report, October 2009

Table 17-8 Availability of measurements from the dier WWTP’s with effluent reaching the Delta. Vacavile, Davis and Woodland were not considered

in this model. Benicia outfall is downstream of thenodel boundary.

Location MTZ Refinery Tesoro Valero (Ben) Benicia Davis Woodland Vacaville Disc. Bay Mtn House
(Biological Refinery (Various Refinery (Various
treatment) treatments) treatments) Secondary Secondary Secondary Secondary (7
Mo Avg 05/04 - 0§
Flow 2006 - 2008 2006 - 2008 2006 - 2008 2006 - 2008  20aDiB5 1996 - 2008  01/05 to 2008 2004 - 2007 Yes
Temp no data no data no data no data 2001 to 10-05 19968- 200 no data 2004 - 2007 Yes
NH3 2006 - 2008 2006 - 2008 2006 - 2008 few points 20Q10t65 1996 - 2008 no data 2004 - 2007 Yes
NO3 no data no data no data no data 1996 - 2008  12/04 711/02004 - 2007 Yes
NO2 no data no data no data no data no data no data 121007 1 no data Yes
Org-N no data no data no data no data no data no data no data datano No
BOD5 no data no data no data no data 2001 to 10-05 19968 200 no data 2004 - 2007 No
CBOD no data no data no data no data no data No
PO4 no data no data no data no data no data 1996 - 2008 PoT- no data Tot-P
Org-P no data no data no data no data no data no data no data datano No
DO no data no data no data no data no data no data nodata 04 -2007 No
Chl-a no data no data no data no data no data no data no data datano No
EC no data no data no data no data 2001 to 10-05 19968- 2002/04 - 11/07 2004 - 2007 Yes
pH no data no data no data no data 2001 to 10-05 19968- 2002/04 - 11/07 2004 - 2007 Yes
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17.7Wet Bulb Temperature Calculations

Because wet bulb temperature is used in the madkdata were not available prior to 1996, an
algorithm was used to calculate wet bulb tempeeaterived from relationships between
saturated vapor pressure, relative humidity or deimt and air temperature.

Relative humidity is defined as the ratio of theb#&nt vapor pressure to the saturated vapor

pressure (100 % humidity). The dew point is theperature that corresponds to the ambient

vapor pressure. The wet bulb temperature is thpeesture measured by an apparatus that relies
on evaporated cooling that is a function of hurgiditigh wind speed and atmospheric pressure.

The wet bulb temperature always falls between thiei@ent temperature and the dew point.

Saturated vapor pressure can be computed usirigltbwing fit of physical data:
VP,=2.1718 & * e (4157T3) (A1)

Where VR is the saturated vapor pressure in millibars and The air temperature in degrees
Kelvin (°C+239.09).

If air temperature is available, then vapor presstan be computed if relative humidity, dew
point or wet bulb temperature is available. Assugimt the dew point is available, the ambient
humidity can be computed which yields the relatuenidity. Assuming relative humidity is
available; the ambient vapor pressure may be caedpas relative humidity (fractional) times
“VPs" and then the dew point can be computed.

A simple approach was used to compute dew pointieknperature “T was incremented (in
steps of 0.025 °C in this application) using ecurat{Al) until the difference between the
ambient and computed vapor pressure was minimized.

Given the dew point temperature (observed or coetutthe following expression, derived
from a fit of physical data, defines the vapor ptgs at the wet bulb temperature as:

VP =2.1718 & * e (157 px(T T, )*(6.6 €*+ (7.59 &) * T\, (A2)

where T is the air temperature in degrees Celsius, Reisittmospheric pressure in millibars and
Tw is the air temperature in degrees Celsius.

A simple approach was also used to compute théulbttemperature by incrementing,,T(in
increments of 0.025 °C) of the above equation théldifference between the ambient and
computed vapor pressure was minimized.
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17.8 Methodology for Setting Sacramento River NH and NO; Boundary
Conditions

Data to set the Nfboundary condition (BC) on the Sacramento Rives whtained from a
variety of sources, including Sac Regional recgwater measurements, MWQI and a dataset
from R. Dahlgren at UC Davis. The ammonia dataess from are sparse, generally range from
0.01 mg/L to a maximum of about 1.3 mg/L, and aueqvariable between measurement
agencies as shown in Figure 17-33.

Figure 17-34 shows a comparison of Sac Regionaivieg water measurements near Freeport
and the boundary condition for ammonia set usinggett BDAT data from Greenes Landing
and Hood, but reduced by a factor 0.4. Althoughrtreges of the data values shown in Figure
17-33 are comparable for the different agenciestiqudarly at maximum values, these data
suggest that the ammonia boundary condition showigure 17-34 at the Sacramento River
boundary is frequently high. Note that the detectievel of ammonia for the Sac Regional
receiving water dataset varies, although it wagueatly quoted as 0.1 mg/L. For the purposes
of comparisons in plotting, the plotted value was$ at (detection limit)/2 on dates where a
measurement was taken but below the specified. limit

Several strategies were used to develop a revigech®ento R. ammonia BC. Several of these
strategies are illustrated in figures, below. Aigfnt-forward mass balance appro&ds shown

in Figure 17-40 in comparison with the boundary diban (blue) set at (Greens/Hood
ammonia)*(0.4). The boundary concentration valugsutated using this simple mass balance
approach are frequently negative — negative vahsse been suppressed in the figure. A
variation on this approach was used for the calicrashown in Figure 17-41 to avoid negative
values — the Sac Regional receiving water dathasvs for comparison (red line). In this case,
scaling factors were applied in the calculationotwer the effluent ammonia concentration and
the overall concentration at the Sac R. boundary.

The effect of the Sacramento flow magnitude was aigestigated - some results are shown in
Figure 17-42 and in Figure 17-43 in comparison #t Regional receiving water data (Figure
17-42, green) and with the UC Davis data (Figure43,/7green). In the “low flow” case, the
boundary value was set at 0.015 mg/L below 10,66acramento R. flow, and otherwise at
0.015 mg/L plus an additional factor of 15% of Hualed mass-balance ammonia calculation. In
the “high flow” case, above 60,000 cfs Sacramentdld®v, the value was calculated at 0.015
mg/L plus 15% of the mass balance ammonia andCdt50mg/L otherwise. In both of these

18 (Final Concentration*Final Volume) = (Concentratiat BC)*(Volume BC) + (Concentration Effl * Volurr&fl)
Solve for Concentration at BC.
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cases, the components in the mass balance catculadire altered by constant scaling factors to
improve the fit.

None of the calculations give a clear-cut bedfofitthe measured ammonia near Freeport, so the
high flow case was selected to test as a boundanrglitton in the nutrient model as it captured
some of the variability in the UC Davis datasegufe 17-44 and Figure 17-45 illustrate results
for modeled ammonia concentration at three locatidownstream of the Sacramento R.
boundary. Figure 17-44 (upper plot) is a comparisbtwo models with results at RSAC139
(Greens Landing) — the models were run with difiei@acramento R. ammonia BC’s. The blue
lines are the modeled monthly MAX and MIN enveld@p&hourly results, see Section 10.3) for
the calculated “high flow” case, denoted the V12delorun. The red lines are the MAX and
MIN envelope of the V11 model run with the Sac KC Bet at (Greens/Hood ammonia)*(0.4).
Figure 17-44 (lower) shows the V12 results at RS2Z(Greens Landing) for both the Greens
and Hood EMP data over a longer time span. Figdrd5Lshows the V12 (“high flow”) Max
and Min envelope model results for ammonia at PSetramento (upper) and at Potato Point
(lower) in comparison with data (green symbols).

Although Figure 17-42 shows that the differencevelues between these two boundary
conditions ranged between no difference and a fatttour increase (with the Greens/Hood*0.4

values generally higher than the calculated higlvftase), there is much less difference in the
modeled envelopes between the two models (Figu#tldpper). The two model runs would be

deemed nearly equivalent in terms of the calibratithis result is generally consistent with the

Sac R. ammonia BC sensitivity runs (+/- 20% in B&lue) for an earlier set of boundary

conditions, where the differences were also ngear

The situation for the Sacramento River nitrate laup condition was simple in comparison

with the ammonia BC. Figure 17-46 and Figure 17shéw comparisons between different

nitrate datasets near Freeport and with the niB&eset using the EMP data at Greens/Hood
reduced by a factor of 0.825, respectively. Theabslity in the datasets is small (Figure 17-46),

and the nitrate BC was set at a value that is stergi with the data (Figure 17-47).

The conclusions from this analysis are mixed. Bsedihne data for ammonia near the model
boundary are quite variable, and only partially sistent between data-gathering agencies, this
leads to a high level of uncertainty in the settofghe ammonia boundary condition for the
Sacramento R. The final four plots illustrate timplications of this observation.

An additional simulation was run with a constantcif@mento R. ammonia BC - the
concentration was set at 0.05 mg/L which is thgHér) Sac Regional detection limit for
ammonia*0.5. Note that Freeport (RSAC155) is betbe model boundary for Sacramento
inflow. Figure 17-48 shows a comparison betwdss Y12 model run (“high flow”), the

constant concentration boundary condition and tBeDavis measured ammonia concentration
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near Freeport. The modeled ammonia for the constamtentration run has changed from the
constant boundary value due to algal growth andyle¢ ammonia from the parameterization
for this region. The V12 model boundary conditioraswselected because it had some
resemblance to the UC Davis data at Freeport, laisdrésemblance is maintained at Freeport,
while the constant concentration boundary has ittle lvariability in comparison with the UC
Davis data.

Figure 17-49 shows a comparison of the same twcefapdonstant concentration boundary and
V12 (“high flow”), plotted with the Sac Regionalcesving water data near Freeport. In this case,
neither model appears to yield a suitable reprasientof the data, as the variability in the data
is much greater than the models produced, althtlugv12 “high flow” model does catch some
of the dips in the receiving water measurements.

Figure 17-50 shows that at Greens Landing, RSACt®9¢choice of the constant concentration
boundary or the calculated “high flow” mass balaapproach is immaterial — they are nearly
identical. The final comparison, Figure 17-52, agnparison of EMP ammonia data measured at
Greens landing with three model runs - constanteotmation (green dash), V12 “high flow”
(red), and V10 with the Sacramento boundary séBetens/Hood ammonia)*(0.4) (blue dash) —
showing that each of the three Sacramento R. anari®@isettings gives a good representation
of this sparse calibration dataset, although all the V10 model run tend to be low in
comparison with the Greens Landing data.

The final observation from the data analysis wad tiegative values produced during of the
mixing model calculations for BC NHwere apparently related to the ratio:

Flow ratio = (Total Sac flow)/ Sacramento R. infloyy
as shown in Figure 17-51, where the value
Total Sac flow = Sacramento R. BC inflow + Sac Regmnal effluent flow.

Following this observation, the final mixing modetmula for the Sacramento NBBC was set
as:

(Total Sac flow)*(NHs Grns/Hood) — (Sac Reg Effl flow)*(Effl NHs)*0.8 / ( Total Sac flow)*(Flow ratio)

Any remaining negative values in this time seriesernthen set to 0.025 mg/L, and the factor of
0.8 was used to account for reactions betweenutfallband the measurement point at
Greenes/Hood.
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Figure 17-40 Sacramento R. Nklboundary condition (red) calculated using a massadance approach in

comparison with previous boundary condition (blue).
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Figure 17-41 Sacramento R. Nklboundary (blue) calculated using a revised mass lzance approach in
comparison with Sac Regional receiving water Nkldata (red) and previous boundary condition (green)

52



Draft Final Report, October 2009

———SACBC1 - SACBC2 ——R1NH3 ——GRNSHD*0.40
0.5

0.45

0.4

0.35

0.3

0.25

Ammonia (mg/L)

02 -

0.15 -

0.1

0.05

I
LA

\| "\

\

o)

14Jan1998 14Jan1999 14Jan2000 14Jan2001 14Jan2002 14Jan2003 14Jan2004 14Jan2005 14Jan2006 14Jan2007 14Jan2008

Figure 17-42 Two calculated NH boundary conditions: low flow (red) and high flow(blue) constraint with a

minimum value compared with Sac Regional receivingvater NH; (green) and previous BC (purple).
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Figure 17-43 The same two calculated boundary cortibins as in Figure 17-42, in comparison with UC Dds

Freeport measured ammonia (green)
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Figure 17-46 Four nitrate concentrations at or neaiFreeport — UC Davis data (green), BDAT data (redand

two Sac Regional receiving water datasets (blue,lgband dashed).
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Figure 17-47 Nitrate data at or near Freeportvs. Sacramento R. BC: (black) BC set using EMP
(Greens/Hood nitrate)*(0.825) vs. UC Davis data (gen), Sac Regional receiving water data (blue) and

MWQI monitoring data (green).
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Figure 17-48 Modeled ammonia with constant concerdition boundary (blue), “high flow” V12 boundary

(red dash) vs. UC Davis ammonia data near Freepofgreen symbols).
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Figure 17-49 Modeled ammonia with the constant comntration boundary (blue) and. the “high flow” V12

boundary (red dash) vs. Sac Regional receiving watammonia near Freeport (green symbols).
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Figure 17-50 Modeled ammonia using the constant coantration boundary (blue) and the “high flow” V12

boundary (red dash) vs. EMP ammonia calibration da& near Greens Landing (green symbols)
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Comparison of Ammonia Concentration at the DSM2 Sac Boundary with the Ratio
Flow Past Greenes/Hood (Total flow) over the Sac Boundary Inflow

—— Mixing Model Calc. ~—— Final flow/inflow
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Figure 17-51 Mixing model calculation (red) compard with the flow ratio (Total flow)/Sac BC Inflow (blue)
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17.9Calibration Statistics and Residual Analysis Methodlogy

17.9.1Residual Analysis of the Water Temperature Model

Residuals are defined as the difference (data —edzktween the measured data and the
modeled result. As mentioned in Section 10.2, wegmperature residuals were first calculated
on an annual basis by Water Year Type at eachitogaand then the averages were calculated
regionally for all locations in each of the threajar regions. The Suisun and Yolo/Cache

regions had only one data location, so averages jst calculated over the years present in a
particular Water Year Type. Maximum and minimumues were determined by individual year

and location within a region and Water Year type.

The following methodology and statistics (Moriasiaé, 2007) were used for the temperature
data:

Mean Residual- The mean of the residual values gives an indinadf the magnitude of model
under-prediction (positive residuals) or over-pegidn in a region. The optimal value is zero,
which occurs in the unlikely situation that the rabis a perfect fit for the data.

Standard Deviation of Residual— The standard deviation of the residual valueegjian
indication of the variability in model under-pretiosn and over-prediction in a region.

Residual Histogram — The histogram documents the shape of the rdsdistaibution. Along
with the mean and standard deviation, this givésstorder view of the goodness of model fit.
The ideal histogram would have an approximatelynarshape centered at zero with a small
spread. Histograms were prepared using annuallattms at each location.

MSE — The Mean Squared Error is a standard statistt theasures the quality of the
prediction. The optimal value is zero:

An (YiObs_YiSim)z
MSE=| (A3)

RMSE - The Root Mean Squared Error is a standard statiséd to indicate the accuracy of the
simulation. It is the square root of the MSE. Bipéimal value is zero.

NSE — The Nash-Sutcliffe Efficiency is a normalized tistiic that measures the relative
magnitude of the residual variance compared toddta variance. NSE indicates how well the
measured vs. modeled data fit the 1:1 line (Morasl., 2007). A value of 1 of optimal, values
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between 0 and 1 are acceptable, and negative valdeste that the data mean is a better
predictor of the data than the model:

c (YObs_ v Sim)2
NSE=1- fll | (A4)

v Obs_ v Mean)2

i=1

PBIAS — Percent bias measures the average tendency dfirthdated data to be larger or
smaller than the measured data. A value of O oin@ght— a positive value indicates
underestimation bias and a negative value indicadeestimation bias:

Zn: (YI Obs_ Y. Sim)moo
PBIAS=| 12 (A5)

i (Y. Obs)

i=1

RSR — The RMSE-observation standard deviation ratia &atistic that normalizes the RMSE
using the standard deviation of the observatiorexcaBse it is normalized, it can be used to
compare errors among various constituents (Moetal., 2007). A value of O is optimal:

[Shee ]

i=1

{ \/i(YiObs_ YiMean)z}

i=1

RSR=
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Table 17-9 Comparison of Calibration and Validationstatistics for Critically Dry Water Years.

Calibration
Critical Mean_Residual  StDev_Residual NSE_stat MSE_stat RMSE_stat PBIAS_stat RSR_stat Mean_data StDev_data
SIR
Average| 0.64 1.16 0.95 2.54 1.46 3.90 0.28 16.41 5.09
Max 0.93 1.21 0.98 2.03 1.42 5.28 0.28 17.70 5.70
Min -0.18 0.94 0.94 0.89 0.02 -1.04 0.00 16.21 4.75
SAC
Average| 0.18 1.02 0.96 131 1.13 0.98 0.22 16.23 5.14
Max 0.93 1.21 0.98 2.03 1.42 5.28 0.28 17.70 5.70
Min -0.64 0.78 0.94 0.76 0.87 -4.17 0.16 15.41 4.77
S Delta
Average| 151 1.38 0.94 4.47 2.08 8.57 0.36 17.62 5.73
Max 211 211 211 3.90 211 7.18 211 17.72 6.12
Min 0.81 1.20 0.94 2.49 0.14 0.00 0.00 17.38 5.62
Cache Sl
Value -0.78 1.54 0.91 2.96 1.72 -4.79 0.33 16.28 5.16
Suisun Marsh
Value -0.02 1.43 0.91 2.04 1.43 -0.11 0.29 17.06 4.88
Validation
Critical Mean_Residual StDev_Residual NSE_stat MSE_stat RMSE_stat PBIAS_stat RSR_stat Mean_data StDev_data
SIR
Average 0.51 1.24 0.95 2.63 1.46 2.80 0.25 16.01 5.62
Max 1.60 1.94 0.98 6.29 2.51 9.12 0.37 18.45 6.70
Min -0.27 0.63 0.92 0.41 0.64 -1.69 0.16 11.22 3.56
SAC
Average 0.10 0.74 0.98 0.65 0.77 0.49 0.16 15.89 5.01
Max 0.46 1.10 0.99 1.22 1.10 2.48 0.22 18.56 5.88
Min -0.19 0.44 0.95 0.22 0.47 -1.46 0.10 11.99 3.76
S Delta
Average 0.92 1.24 0.93 3.37 1.79 331 0.37 15.62 5.41
Max 1.97 1.58 0.97 6.37 2.52 11.09 0.67 17.91 6.38
Min -1.10 0.80 0.84 1.82 1.35 -17.68 0.25 6.21 2.01
Cache Sl
Value
Suisun Marsh
Value
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Table 17-10 Comparison of Calibration and Validaton statistics for Dry Water Years.

Calibration
Dry Mean_Residual StDev_Residual NSE_stat MSE_stat RMSE_stat PBIAS_stat RSR_stat Mean_data StDev_data
SIR
Average 0.32 1.04 0.96 1.58 1.17 1.84 0.22 16.67 5.17
Max 143 1.45 0.97 4.13 2.03 8.10 0.34 17.64 5.97
Min -0.24 0.80 0.94 0.64 0.80 -1.45 0.16 16.33 4.62
SAC
Average -0.01 0.83 0.97 0.78 0.87 -0.07 0.17 16.18 5.02
Max] 0.42 1.07 0.98 1.17 1.08 2.58 0.22 16.37 5.41
Min -0.41 0.66 0.96 0.54 0.74 -2.61 0.14 15.84 4.63
S Delta
Average 1.07 131 0.95 2.89 1.69 6.14 0.29 17.48 5.82
Max 1.28 1.34 0.95 3.42 1.85 7.27 0.32 17.56 5.83
Min 0.87 1.27 0.95 237 1.54 5.00 0.26 17.39 5.81
Cache Sl
Value| -0.55 1.22 0.95 1.80 1.34 -3.46 0.25 15.98 5.42
Suisun Marsh
Value 0.15 1.04 0.92 1.10 1.05 1.14 0.28 13.26 3.78
Validation
Dry Mean_Residual StDev_Residual NSE_stat MSE_stat RMSE_stat PBIAS_stat RSR_stat Mean_data StDev_data
SR
Average| 0.53 1.13 0.95 191 1.34 297 0.26 17.22 5.11
Max| 1.25 1.59 0.98 3.30 1.82 6.90 0.31 18.11 5.94
Min -0.24 0.79 0.92 0.63 0.79 -1.45 0.15 16.45 4.28
SAC
Average| -0.11 0.85 0.89 1.23 1.03 -0.60 0.31 15.80 4.55
Max| 1.19 1.30 0.99 3.84 1.96 9.45 1.59 17.68 5.54
Min -1.77 0.46 -0.05 0.24 0.49 -12.79 0.09 9.29 0.71
S Delta
Average| 0.61 1.19 0.95 2.02 1.40 3.42 0.26 17.61 5.48
Max| 1.12 1.27 0.96 2.82 1.68 6.32 0.30 18.01 5.85
Min -0.06 1.09 0.94 135 1.16 -0.33 0.21 16.74 5.27
Cache S|
Value -0.59 1.38 0.91 2.33 1.52 -3.58 0.31 16.54 4.87
Suisun Marsh -0.14 1.28 0.92 1.70 1.29 -0.86 0.28 16.37 4.59
Value|
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Table 17-11 Comparison of Calibration and validatn statistics for Above Normal Water Years.

Calibration
AN Mean_Residual StDev_Residual NSE_stat MSE_stat RMSE_stat PBIAS_stat RSR_stat Mean_data StDev_data
SIR
Average 0.39 0.96 0.96 1.30 1.10 2.23 0.22 17.12 4.95
Max| 1.03 1.43 0.98 2.32 1.52 5.90 0.29 18.84 5.58
Min -0.17 0.77 0.96 0.64 0.01 -1.03 0.00 16.52 4.43
SAC
Average 0.04 0.72 0.98 0.65 0.64 0.10 0.14 16.20 4.40
Max| 0.48 0.97 1.00 1.13 1.06 291 0.25 16.36 4.75
Min -0.43 0.38 0.95 0.15 0.06 -2.68 0.00 16.02 4.17
S Delta
Average 0.56 1.19 0.95 1.84 1.34 3.25 0.26 17.20 5.20
Max| 1.03 1.43 0.96 2.32 1.52 5.90 0.29 17.60 5.58
Min 0.34 0.97 0.94 1.15 0.08 0.00 0.00 17.00 491
Cache Sl
Value -0.33 1.51 0.89 2.38 1.54 -1.95 0.33 17.00 4.63
Suisun Marsh
Value -0.14 1.18 0.93 1.40 1.18 -0.85 0.26 16.72 4.51
Validation
AN Mean_Residual StDev_Residual NSE_stat MSE_stat RMSE_stat PBIAS_stat RSR_stat Mean_data StDev_data
SIR
Average| 0.11 1.04 0.94 1.44 1.15 0.52 0.26 16.81 4.62
Max| 1.12 1.72 0.97 3.27 1.81 6.19 0.49 18.15 5.68
Min -0.57 0.78 0.78 0.64 0.80 -3.61 0.17 15.82 3.68
SAC
Average| -0.38 0.83 0.96 1.72 1.09 -2.53 0.24 16.18 4.58
Max| 0.62 1.50 0.99 9.23 3.04 3.61 0.74 17.47 5.17
Min -2.91 0.35 0.90 0.12 0.35 -18.92 0.07 14.56 4.08
S Delta
Average| 0.65 1.02 0.96 1.65 1.26 3.56 0.24 17.96 5.32
Max| 1.30 1.13 0.97 2.70 1.64 6.98 0.30 18.59 5.44
Min 0.11 0.92 0.95 0.85 0.92 0.67 0.17 17.19 5.12
Cache S|
Value -0.54 1.28 0.94 1.94 1.39 -3.26 0.28 16.60 5.03
Suisun Marsh -0.28 1.16 0.93 1.44 1.20 -1.73 0.26 16.49 4.53
Value
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Table 17-12 Comparison of Calibration and validatio statistics for Wet Water Years.

Calibration
Wet Mean_Residual  StDev_Residual NSE_stat MSE_stat RMSE_stat PBIAS_stat RSR_stat Mean_data StDev_data
SIR
Average 0.15 0.63 0.98 0.46 0.68 0.89 0.14 16.32 4.89
Max| 0.35 0.73 0.99 0.56 0.75 217 0.16 16.48 4.97
Min -0.08 0.49 0.98 0.36 0.60 -0.50 0.12 16.21 4.75
SAC
Average 0.12 0.71 0.84 0.53 0.77 0.43 2.67 14.01 4.72
Max 0.62 1.00 1.00 0.89 1.03 3.94 15.24 16.01 4.90
Min -0.30 0.34 0.13 0.11 0.34 -1.93 0.07 4.86 4.59
S Delta
Average 0.40 0.90 0.97 1.03 0.99 2.39 0.18 16.68 5.46
Max| 0.41 1.16 0.99 1.48 1.22 2.50 0.22 16.90 5.65
Min 0.39 0.64 0.96 0.57 0.76 2.29 0.14 16.46 5.26
Cache Sl
Value| -0.25 117 0.95 1.43 1.20 -1.52 0.24 16.48 5.07
Suisun Marsh
Value -0.27 1.06 0.95 1.20 1.10 -1.68 0.23 16.36 4.80
Validation
Wet Mean_Residual StDev_Residual NSE_stat MSE_stat RMSE_stat PBIAS_stat RSR_stat Mean_data StDev_data
SR
Average| 0.61 0.46 0.96 155 1.07 5.38 0.77 12.51 2.26
Max| 194 0.83 0.99 3.77 194 17.35 1.84 17.16 4.19
Min -0.10 0.13 0.92 0.19 0.43 -1.09 0.20 9.20 1.05
SAC
Average| -0.32 0.98 0.82 138 0.95 -2.48 2.46 14.36 4.26
Max| 0.37 1.69 0.99 4.94 2.22 0.44 15.62 17.92 4.89
Min -1.45 0.51 0.14 0.26 -0.04 -10.18 0.10 4.97 3.45
S Delta
Average| 0.92 1.19 0.96 241 1.51 5.32 0.26 17.16 5.69
Max| 1.27 1.38 0.97 3.51 1.87 7.13 0.32 17.80 5.89
Min 0.58 0.99 0.95 132 1.15 3.51 0.21 16.51 5.49
Cache S|
Value -0.27 1.34 0.91 1.86 1.36 -1.62 0.31 16.99 4.37
Suisun Marsh -0.20 1.28 0.93 1.67 1.29 -1.27 0.27 15.64 4.70
Value|
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Emmaton 2008 Hourly Temperature Calibration Data and Ver.7alleff
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Figure 17-53 Calibration plots in the Critically Dry WY 2008 at Emmaton and Jersey Point.
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RSAN072 2008 Daily Temperature Calibration Data an
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Figure 17-54 Calibration plots in the Critically Dry WY 2008 at RSAN072 on the San Joaquin and at

Collinsville.
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RMID023 2008 Daily Temperature Calibration Data and AIEffl
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Figure 17-55 Calibration plots in the Critically Dry WY 2008 at RMID023 on Middle R. in the South Dek
and at RSAC123 on the upper Sacramento R.
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Emmaton 2007 Hourly Temperature Calibration Data and Ver.7alleff
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Jersey Point 2007 Hourly Temperature Calibration Data and AIIEffl
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Figure 17-56 Calibration plots in the Dry WY 2007 4 Emmaton and Jersey Point.
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RSAN072 2008 Daily Temperature Calibration Data and AIEffl
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Figure 17-57 Calibration plots in the Dry WY 2007 a RSANO072 on the San Joaquin and at Collinsville.
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RMID023 2008 Daily Temperature Calibration Data and AIEffl
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Figure 17-58 Calibration plots in the Dry WY 2007 &4RMID023 on Middle R. in the South Delta and at
RSAC123 on the upper Sacramento R.
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Emmaton 2005 Hourly Temperature Calibration Data and Ver.7alleff
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Jersey Point 2005 Hourly Temperature Calibration Data and AIIEffl
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Figure 17-59 Calibration plots in the Abv. Normal WY 2005 at Emmaton and Jersey Point.
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RMID023 2005 Daily Temperature Calibration Data and AIEffl
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Figure 17-60 Calibration plots in the Abv Normal WY 2005 at RMID023 on Middle R. in the South Delta ath
at RSAC123 on the upper Sacramento R.
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Cache SI. 2005 Daily Temperature Calibration Data and Ver.7alleff
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Goodyear Sl. 2005 Daily Temperature Calibration Data and AINIEffl
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Figure 17-61 Calibration plots in the Abv Normal WY 2005 at Cache SI. and at Goodyear Sl.
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RSAN072 2005 Daily Temperature Calibration Data and AIEffl
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Figure 17-62 Calibration plots in the Abv Normal WY 2005 at RSANO72 on the San Joaquin and at

Collinsville.
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Jersey Point 2006 Hourly Temperature Calibration Data and AIIEffl
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Emmaton 2006 Hourly Temperature Calibration Data and Ver.7alleff
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Figure 17-63 Calibration plots in the Wet WY 2006 &Jersey Point and Emmaton.
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RMID023 2006 Daily Temperature Calibration Data and AINEffl
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Figure 17-64 Calibration plots in the Wet WY 2006 aRMID023 on Middle R. in the South Delta and at
RSAC123 on the upper Sacramento R
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RSAN072 2006 Daily Temperature Calibration Data and AIEffl
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Collinsville 2006 Hourly Temperature Calibration Data and AIEffl
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Collinsville Temperature Residual 2006: Hourly Data - Model Data: MSE =0.89, RMSE =0.94 PBIAS =-1.9, RSR =0.2
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Figure 17-65 Calibration plots in the Wet WY 2006 aRSANO72 on the San Joaquin and at Collinsville.
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Cache Sl 2006 Daily Temperature Calibration Data and Ver.7alleff
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Cache S1. Temperature Residual 2006: Daily Data - Model Data: MSE =1.4, RMSE =1.2 PBIAS =-1.5, RSR =0.24
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Goodyear Sl. 2006 Daily Temperature Calibration Data and AIIEffl
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Figure 17-66 Calibration plots in the Wet WY 2006 &Cache Sl. and at Goodyear SI.
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17.9.2Residual Analysis of the Nutrient Model

The same statistics were calculated in the caldwatnd validation of the nutrients, as well as
residual histograms. The details are covered ini@ec10.3.1 and 10.3.2. Only RSR, PBIAS
and NSE were used to evaluate the results as disgurs (Moriasi et al., 2007). Following the
recommendations in that paper with one modifica(M8E was ruled unsatisfactory when
negative, so the satisfactory range was essenéiatgnded), the following categories were used
to evaluate the quality of the calibration:

Table 17-13 Categories used to rate the quality ¢fie nutrient calibration/validation.

Performance RSR NSE PBIAS (%)
Rating
Very Good 0.00< RSR<0.50 0.75 <NSE 1.00 PBIAS < +/- 25
Good 0.50 < RSR< 0.60 0.65 <NSE 0.75 +/- 25< PBIAS < +/- 40
Satisfactory 0.60 < RSR<0.70 0.00< NSE< 0.65 +/- 40< PBIAS < +/- 70
Unsatisfactory RSR > 0.7 NSE < 0.0 PBIAS+/- 70

Although the PBIAS ranges are specific to N- anauients, the ranges for RSR and NSE are
not constituent-specific in the general performamatmgs presented in (Moriasi et al, 2007).
PBIAS ranges for constituents tend to be more tertlean those listed for streamflow or
sediment transport. Thus, we can expect that tiregsafor RSR and NSE are quite strict when
applied to constituent calibration/validation stitis. To accommodate this observation
somewhat, the range for “Satisfactory” was extertdeall positive values. The range for RSR
was not altered.
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Figure 17-67 Calibration/validation locations in the northern Delta
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Figure 17-68 Calibration/validation locations in the western Delta.
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Figure 17-69 Calibration/validation locations in tre central Delta.
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SJR m' Vernalis
4

Figure 17-70 Calibration/validation locations in the south Delta.
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Table 17-14 Calibration statistics for the Below Nomal water Year 2004.

Calibration
BN Mean_Residual StDev_Residual NSE_stat MSE_stat RMSE_stat PBIAS_stat RSR_stat Mean_data StDev_data
SR
Average 0.73 1.02 0.96 1.80 1.28 4.03 0.25 17.53 5.02
Max 1.25 1.35 0.97 3.37 1.84 6.56 0.33 19.06 5.56
Min 0.21 0.85 0.94 0.76 0.87 1.28 0.18 16.60 4.64
SAC
Average 0.22 0.78 0.97 0.78 0.88 1.30 0.18 16.39 4.88
Max 0.61 0.97 0.99 1.01 1.00 3.66 0.22 16.89 5.49
Min -0.33 0.57 0.95 0.47 0.68 -2.07 0.13 15.88 4.49
S Delta
Average 1.50 1.30 0.95 3.93 1.98 8.36 0.34 17.97 5.79
Max 1.50 1.30 0.95 3.93 1.98 8.36 0.34 17.97 5.79
Min 1.50 1.30 0.95 3.93 1.98 8.36 0.34 17.97 5.79
Cache Sl
Value -0.29 1.36 0.92 1.93 1.39 -1.78 0.29 16.48 4.78
Suisun Marsh
Value 0.37 1.15 0.94 1.45 1.21 2.23 0.25 16.75 4.74
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Table 17-15 Full calibration/validation results forammonia and nitrate+nitrite.

Ammonia

Calibration - Dry mean_residual stdev_residual NSE_stat MSE_stat RMSE_stat PBIAS_stat RSR_stat Mean_data StDev_data

Susiun near Nichols 0.01 0.02 0.86 0.00 0.02 9.19 0.40 0.07 0.05

Grizzly 0.01 0.04 -2.97 0.00 0.04 7.79 2.01 0.09 0.02

Potato Point 0.01 0.03 0.60 0.00 0.03 14.63 0.70 0.10 0.05

Old River at RDR 0.00 0.02 0.42 0.00 0.02 -4.81 0.76 0.06 0.03

Point Sacramento 0.01 0.02 0.90 0.00 0.02 9.40 0.35 0.07 0.05

Buckley Cove 0.00 0.11 0.95 0.01 0.11 -0.48 0.23 0.64 0.49

Greens/Hood -0.01 0.02 0.97 0.00 0.02 -1.03 0.17 0.53 0.13

Disappointment SI. 0.00 0.05 -1.22 0.00 0.05 0.65 1.48 0.07 0.03

Calibration - Wet

Susiun near Nichols 0.00 0.00 0.98 0.00 0.00 -1.21 0.13 0.08 0.03

Grizzly 0.00 0.02 -0.97 0.00 0.02 -4.33 1.41 0.08 0.02

Potato Point 0.00 0.01 0.96 0.00 0.01 1.95 0.20 0.09 0.04

Old River at RDR 0.00 0.03 0.22 0.00 0.03 -6.10 0.89 0.06 0.03

Point Sacramento 0.00 0.01 0.96 0.00 0.01 -2.10 0.19 0.08 0.04

Buckley Cove 0.01 0.08 0.97 0.01 0.08 1.57 0.17 0.45 0.46

Greens/Hood 0.00 0.01 0.99 0.00 0.01 -1.46 0.08 0.29 0.14

Disappointment Sl. 0.00 0.07 0.01 0.01 0.07 3.46 0.99 0.04 0.07

NO3+NO2

Calibration - Dry mean_residual stdev_residual NSE_stat MSE_stat RMSE_stat PBIAS_stat RSR_stat Mean_data StDev_data

Susiun near Nichols 0.07 0.13 0.22 0.02 0.15 19.65 1.01 0.38 0.15

Rio Vista 0.00 0.04 0.88 0.00 0.04 0.23 0.34 0.41 0.10

Grizzly 0.06 0.16 -0.15 0.03 0.17 14.71 1.15 0.43 0.15

Potato Point -0.02 0.08 0.62 0.01 0.08 -4.19 0.63 0.45 0.13

Old River at RDR 0.05 0.19 0.14 0.04 0.19 10.45 0.95 0.44 0.20

Point Sacramento 0.05 0.11 0.43 0.01 0.12 12.14 0.81 0.38 0.14

Buckley Cove -0.21 0.64 0.76 0.45 0.67 -9.25 0.52 2.25 1.29

Greens/Hood -0.01 0.02 0.90 0.00 0.03 -5.44 0.36 0.24 0.07

Disappointment Sl. 0.05 0.11 0.43 0.01 0.12 12.14 0.81 0.38 0.14

Calibration - Wet

Susiun near Nichols 0.03 0.06 0.60 0.00 0.07 10.57 0.69 0.28 0.10
Rio Vista -0.01 0.04 0.87 0.00 0.04 -4.43 0.37 0.25 0.10
Grizzly 0.02 0.07 0.73 0.01 0.07 8.23 0.55 0.29 0.13
Potato Point -0.01 0.05 0.92 0.00 0.05 -2.78 0.29 0.42 0.17
Old River at RDR 0.00 0.16 0.66 0.03 0.16 0.52 0.58 0.49 0.28
Point Sacramento 0.02 0.04 0.83 0.00 0.05 6.10 0.44 0.26 0.11
Buckley Cove -0.02 0.17 0.94 0.03 0.17 -1.69 0.24 1.26 0.69
Greens/Hood 0.00 0.01 0.93 0.00 0.01 -1.86 0.27 0.16 0.05
Disappointment SI. -0.01 0.14 0.86 0.02 0.14 -1.70 0.38 0.51 0.37
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Table 17-16 Full calibration/validation results for organic-N and DO.

Organic-N

Calibration - Dry mean_residual stdev_residual NSE_stat MSE_stat RMSE_stat PBIAS_stat RSR_stat Mean_data StDev_data

Susiun near Nichols 0.02 0.10 -2.52 0.01 0.10 8.44 1.91 0.27 0.05

Grizzly 0.04 0.09 -4.15 0.01 0.09 13.44 2.45 0.28 0.04

Potato Point 0.01 0.11 -1.85 0.01 0.11 2.69 1.68 0.27 0.07

Old River at RDR 0.04 0.09 -1.85 0.01 0.10 17.00 1.85 0.26 0.05

Point Sacramento 0.01 0.10 -2.46 0.01 0.10 4.50 1.86 0.27 0.05

Buckley Cove 0.04 0.17 0.63 0.03 0.17 6.66 0.61 0.53 0.28

Greens/Hood -0.02 0.02 0.96 0.00 0.03 -6.97 0.29 0.30 0.10

Disappointment SI. 0.13 0.20 -9.87 0.06 0.24 56.96 3.85 0.22 0.06

Calibration - Wet

Susiun near Nichols -0.01 0.07 0.42 0.00 0.07 -4.31 0.77 0.22 0.09

Grizzly 0.02 0.09 -0.41 0.01 0.09 8.85 1.20 0.22 0.08

Potato Point -0.02 0.07 0.42 0.01 0.07 -8.48 0.79 0.25 0.09

Old River at RDR -0.01 0.09 0.11 0.01 0.09 -2.37 0.94 0.26 0.10

Point Sacramento -0.01 0.08 0.21 0.01 0.08 -2.40 0.88 0.22 0.09

Buckley Cove 0.01 0.06 0.95 0.00 0.06 1.66 0.23 0.38 0.25

Greens/Hood -0.01 0.01 0.99 0.00 0.02 -4.34 0.15 0.24 0.12

Disappointment Sl. 0.10 0.23 -6.69 0.06 0.24 42.24 2.99 0.23 0.08

DO

Calibration - Dry mean_residual stdev_residual NSE_stat MSE_stat RMSE_stat PBIAS_stat RSR_stat Mean_data StDev_data

Susiun near Nichols -0.08 0.26 0.88 0.07 0.27 -0.89 0.36 9.21 0.75

Grizzly -0.09 0.27 0.90 0.08 0.28 -0.96 0.33 9.08 0.86

Little Potato Sl at Terminous -0.21 0.73 -0.16 0.56 0.75 -2.39 111 8.62 0.67

Potato Point -0.04 0.25 0.89 0.06 0.25 -0.41 0.34 8.87 0.73

Old River at RDR 0.06 0.34 0.83 0.12 0.34 0.70 0.42 8.57 0.81

Twitchell -0.04 0.15 0.95 0.03 0.16 -0.46 0.23 9.01 0.70

Point Sacramento -0.02 0.04 0.92 0.00 0.04 -7.85 0.31 0.20 0.14

Buckley Cove 0.16 0.26 -0.41 0.09 0.30 53.33 1.40 0.30 0.22

Greens/Hood -0.04 0.15 0.95 0.03 0.16 -0.46 0.23 9.01 0.70

Calibration - Wet

Susiun near Nichols 0.08 0.67 0.24 0.45 0.67 0.84 0.87 9.26 0.76
Grizzly -0.05 0.19 0.95 0.04 0.20 -0.58 0.22 9.21 0.90

Little Potato Sl at Terminous -0.11 0.54 0.39 0.30 0.55 -1.32 0.80 8.70 0.69
Potato Point 0.05 0.22 0.90 0.05 0.22 0.62 0.32 8.81 0.70

Old River at RDR 0.20 0.40 0.69 0.20 0.45 2.35 0.62 8.48 0.73
Twitchell 0.08 0.30 0.83 0.10 0.31 0.93 0.42 8.98 0.74

Point Sacramento 0.02 0.15 -1.06 0.02 0.15 12.25 1.44 0.17 0.10
Buckley Cove 0.08 0.17 0.38 0.04 0.19 22.11 0.86 0.35 0.22
Greens/Hood 0.00 0.01 0.97 0.00 0.01 0.56 0.16 0.16 0.05
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Table 17-17 Full calibration/validation results for Chl-a/Algae and PQ.

Chl-a/Algae

Calibration - Dry mean_residual stdev_residual NSE_stat MSE_stat RMSE_stat PBIAS_stat RSR_stat Mean_data StDev_data

Point Sacramento -0.02 0.04 0.92 0.00 0.04 -7.85 0.31 0.20 0.14

Susiun near Nichols -0.02 0.06 0.86 0.00 0.06 -9.80 0.40 0.20 0.15

Rio Vista 0.00 0.09 0.73 0.01 0.08 -0.04 0.51 0.24 0.16

SJR at Pittsburg 0.02 0.07 0.62 0.01 0.07 12.87 0.62 0.14 0.12

Buckley Cove 0.16 0.26 -0.41 0.09 0.30 53.33 1.40 0.30 0.22

Greens/Hood 0.00 0.03 0.89 0.00 0.03 -3.01 0.34 0.16 0.10

Disappointment SI. -0.06 0.79 0.18 0.62 0.79 -5.34 0.90 1.19 0.87

Calibration - Wet

Point Sacramento 0.02 0.15 -1.06 0.02 0.15 12.25 1.44 0.17 0.10

Susiun near Nichols 0.03 0.18 -2.44 0.03 0.18 18.71 1.87 0.16 0.10

Rio Vista 0.02 0.12 -1.35 0.02 0.12 10.60 1.54 0.18 0.08

SJR at Pittsburg 0.03 0.05 0.52 0.00 0.06 20.57 0.76 0.12 0.08

Buckley Cove 0.08 0.17 0.38 0.04 0.19 22.11 0.86 0.35 0.22

Greens/Hood 0.00 0.01 0.97 0.00 0.01 0.56 0.16 0.16 0.05

Disappointment SI. 0.00 0.36 0.71 0.13 0.36 -0.15 0.54 0.93 0.67

PO4

Calibration - Dry mean_residual stdev_residual NSE_stat MSE_stat RMSE_stat PBIAS_stat RSR_stat Mean_data StDev_data

Susiun near Nichols -0.17 0.12 0.22 0.04 0.20 -51.60 1.53 0.32 0.13

Grizzly -0.02 0.13 -0.90 0.02 0.13 -5.07 1.38 0.34 0.10

Potato Point 0.03 0.13 -1.55 0.02 0.13 12.52 1.63 0.24 0.08

Old River at RDR -0.14 0.07 0.23 0.03 0.16 -59.69 1.98 0.24 0.08

Point Sacramento -0.07 0.16 -0.43 0.03 0.18 -19.18 1.28 0.35 0.14

Buckley Cove 0.00 0.06 0.81 0.00 0.06 1.49 0.43 0.25 0.14

Greens/Hood -0.01 0.02 0.84 0.00 0.02 -9.79 0.49 0.12 0.04

Disappointment SI. -0.10 0.06 -1.33 0.01 0.11 -48.66 291 0.20 0.04

Calibration - Wet

Susiun near Nichols -0.07 0.06 0.31 0.01 0.10 -42.37 1.24 0.17 0.08
Grizzly 0.02 0.11 -0.49 0.01 0.11 7.24 1.23 0.22 0.09
Potato Point 0.07 0.11 -6.19 0.02 0.13 53.18 3.16 0.13 0.04
Old River at RDR -0.07 0.05 -0.53 0.01 0.09 -49.94 2.25 0.15 0.04
Point Sacramento 0.03 0.10 -0.83 0.01 0.11 18.54 1.40 0.17 0.08
Buckley Cove -0.01 0.02 0.95 0.00 0.02 -3.72 0.23 0.14 0.09
Greens/Hood -0.01 0.01 0.89 0.00 0.01 -9.50 0.44 0.06 0.02
Disappointment SI. -0.06 0.06 -1.04 0.01 0.08 -40.38 1.95 0.14 0.04
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17.10 Solution Chemistry and EQ 3/6 calculations

17.10.1 Concentrations of Ammonium lon and Ammonia

The database in EQ3/6 (Wolery, 1997) was used ltulegde the equilibrium concentrations of
NHs (ag) and NH" at 25°C. The equilibrium reaction constant for éissociation reaction:

NH,” « NH,(ag) + H* (A7)
is given by:

_|H-Jinw]
e ] 9
where the activity coefficients have not been ey included for clarity and simplicity, and
the terms in the brackets are expressed in mofeokgolution (molality). At 25°C and one
atmosphere of pressure, the logarithm of this mactlog(K), is -9.24. Assuming the
concentrations of Nand NH," are equal, these terms cancel in equation (A8)seecthat the
pH of this solution would be -9.24 (approximatel@gtting log ([H]) = -8.0, i.e. pH = 8.0, we
see the ratio of [NK] to [NH4"] is 10%%*= 0.0575 (approximately). In other words, about%.8
of the total is present as NHsimilarly, at pH = 7.0, only 0.58% of the totalpresent as NH

17.10.2 Water Chemistry at the Sacramento and San Joaquin
boundaries.

R. Dahlgren supplied a database of comprehensitervehemistry measurements at several
locations near the boundary of the Delta and in thleutaries (see Figure 7-4), The
measurements were collected approximately everyweeks, and they varied in total time span
in the years from 2000 to 2005, depending on loocatChow et al, 2007).

In order to get a general understanding of theageechemistry of the waters at the Freeport and
Vernalis boundaries, EQ3/6 simulations were preparsing these measurements. For the
modeling, each measurement type (e.g.sN¥) was averaged over the entire measurement
time span. Nitrite (N@) was not measured — its concentration was sed%tbf the measured
nitrate (NQ ) concentration. The equilibrium geochemical models developed using the
average measurements as input, shown in Table, b#law. The solutions were initially charge
balanced at 25°C using the ions of an inert elenf€fitor Na"). The temperature was then
adjusted to the average, ambient temperdfi6e or 17.0, as shown in the Table), and a final
charge balance was performed using pH. At Verngidesjnitial average pH was -8.0000 and the
final pH after charge balancing at the ambient erapre was -8.0966. At Freeport, the initial
pH was -7.8500 and the pH after the final adjustmes -7.9259.
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The resulting speciation chemistry for each locai® shown in Table A. VII b indicating the

major species in each solution. As expected, a¢dene the ionic strength of the solution was
low, ~1=0.0024, where | is the ionic strength inlrhd". At Vernalis, the ionic strength of the

solution was an order of magnitude higher, ~I=091A8s shown in Table A.VIl b., in each

location on average Nficomprised about 97% of the total ammonia in sofuti

Another interesting feature of the solutions regdaby the speciation modeling is that both
solutions are supersaturated with respect to athesgp CQ (g). This is certainly due to
biological activity in solution, with algae releagi CQ in respiring. In equilibrium with the
atmosphere and in the absence of biological agfithe partial pressure of G) would yield a
concentration of about log(GP= -3.5. At Vernalis, calculations indicate that average the
water is supersaturated with respect to, Gfp with log(CQ) = -3.005. At Freeport, log(CL-
3.0507, and so biological activity is lower in thesaters as expected. In either case; P
would be out-gassing from solution (the mass temafbuld be from water to atmosphere). We
can conclude that the pH of the waters would gélyenat be controlled by transfer of GQp)
from the atmosphere to the watérdut instead by other factors (such as the prooluct CO,

(g) from the biological activity).

19C0,(g) dissociates in aqueous solutions to fét60; and H*.
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Table 17-18 Average Solution Chemistry Used as Inpdior in Speciation Modeling

Units | Cremisty | US| chemisty

Temp °C 16.2 °C 17.0

pH 7.85 8.00
HCO3- | Moles/kg 1.43E-03 Moles/L 2.33E-03
Na+ Moles/L 3.88E-04 Moles/L 3.67E-03
K+ Moles/L 2.88E-05 Moles/L 5.60E-05
Mg++ Moles/L 3.01E-04 Moles/L 8.88E-04
Ca++ | Moles/L 3.32E-04 Moles/L 1.10E-03
Cl- Moles/L 1.43E-04 mg/L 1.06E+02
NH3(ag) | mg/L 3.65E-02 mg/L 7.30E-02
NO3- mg/L 3.98E-01 mg/L 9.47E+00
NO2- mg/L 3.98E-03 mg/L 9.47E-02
HPO4-- mg/L 8.25E-02 mg/L 3.60E-01
SO4-- | Moles/L 6.79E-05 Moles/L 1.05E-03
SiO2(aq) | Moles/L 2.91E-04 Moles/L 2.33E-04
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Table 17-19 EQ3/6 Speciation Results

Vernalis Freeport
Basis Species Accounting  Molality % Species Accounting  Molality %
Species For Basis For Basis
Ca++
Ca++ 1.02E-03  92.26 Ca++ 3.25E-04 97.65
CaSO4(aq) 5.25E-05 4.75 CaHCO3+ 4.05E-06 1.22
CaHCO3+ 1.80E-05 1.63 CaCO3(aq) 1.97E-06  5.92E-01
CaCO3(aq) 1.28E-05 1.16 CaSO4(aq) 1.69E-06  5.07E-01
Cl-
Cl- 2.99E-03  99.88 Cl- 1.43E-04 99.96
HCO3-
HCO3- 2.34E-03  95.12 HCO3- 1.37E-03 96.08
CO2(aq) 4.26E-05 1.73 C0O2(aq) 3.94E-05 2.76
CaHCO3+ 1.80E-05  7.33E- CO3-- 5.18E-06  3.64E-01
01
HPO4--
HPO4-- 2.16E-06 57.51 HPOA4-- 5.83E-07 67.74
MgHPO4(aq) 6.51E-07 17.33 H2PO4- 1.01E-07 11.78
CaHPO4(aq) 5.42E-07 14.41 MgHPO4(aq) 9.25E-08 10.74
H2PO4- 2.17E-07 5.77 CaHPO4(aq) 6.86E-08 7.96
CaPO4- 1.87E-07 4.97 CaPO4- 1.52E-08 1.77
K+
K+ 5.58E-05 99.54 K+ 2.89E-05 99.96
Mg++
Mg++ 8.12E-04 91.34 Mg++ 2.94E-04 97.8
MgS04(aq) 5.58E-05 6.27 MgHCO3+ 3.58E-06 1.19
MgHCO3+ 1.42E-05 1.6 MgS04(aq) 2.01E-06  6.68E-01
NH3(aq)
NH4+ 4.14E-06  96.52 NH4+ 2.10E-06 97.64
NH3(aq) 1.49E-07 3.48 NH3(aq) 5.07E-08 2.36
Na+
Na+ 3.65E-03 99.3 Na+ 3.88E-04 99.72
SO4--
SOA4-- 9.34E-04  88.66 SOA4-- 6.42E-05 94.41
MgS04(aq) 5.58E-05 5.3 MgS04(aq) 2.01E-06 2.95
CaSO4(aq) 5.25E-05 4.98 CaSO4(aq) 1.69E-06 2.48
NaSO4- 1.09E-05 1.03 NaSO4- 9.70E-08  1.43E-01
Si02(aq)
Si02(aq) 2.24E-04  95.66 Si02(aq) 2.83E-04 97.21
HSiO3- 6.71E-06 2.87 HSiO3- 5.37E-06 1.84
NaHSiO3(aq) 1.73E-06 7.4E-01 Si204(aq) 1.27E-06  8.72E-01
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Vernalis Freeport
Basis Species Accounting Molality % Species Accounting  Molality %
Species For Basis For Basis
NO2-
NO2- 2.06E-06 100 NO2- 8.67E-08 100
NO3-
NO3- 1.52E-04 99.66 NO3- 6.43E-06 99.87
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17.11 Scenario Figures
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Figure 17-71 Volumetric results at Rio vista (upped and in Three Mile Slough (lower).

96



Draft Final Report, October 2009

| 2008

2008

2007
| 2007

S

3

| 2006

2006

I
'1
2005
| 2004 | 2005

2004

| 2003

2003
| 2002

2002

| 2001

2001

| 2000

1999 2000
| 1909

| 1908

1998

| 19907

1997

| 1996

1996

| 1995

1995

| 1904

1994

| 1903

1993

| 1992

1992

| 1991

1991

30
25

% SWNoA

10

05
0.0
1990

—=- RSAN024 BASE VOL-SACRWW -~ SACATTMS BASE VOL-SACRWW

— P0O-649 BASE VOL-SACRWW

30
25
20
10
00

08

20

2008
I

2007

2007
2006 |

2006
I

2005

2008
|

2004
I

2003

2003
I

2002

02
I

20

2001

2001

2000

1999

—-- RSAN024 BASE VOL-SACRWW -~ SACATTMS BASE VOL-SACRWW

PO-649 BASE VOL-SACRWW

Figure 17-72 Sac Regional effluent volumes alonge¢Hower San Joaquin and Sacramento Rivers.
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Figure 17-74Volumetric contributions near the Lisba Toe Drain and the outflow from the Liberty Island
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Figure 17-75 Sac Regional effluent volumes in thestern Delta.
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Figure 17-76 Sac Regional effluent volumes alonge¢dower Sacramento River into Grizzly and Honker Bgs.
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Figure 17-77 Sac Regional effluent volumes in ancear Suisun Marsh.
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Figure 17-78 Volumetric contributions of smaller WWTP’s in the Suisun area.
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Figure 17-81 Contributions from smaller WWTPs in the lower San Joaquin River.
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Figure 17-83 Algal biomass and ammonia concentratis at the Liberty location for Base and Liberty grids.
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Figure 17-84 Nitrate and nitrite concentrations atthe Liberty location for Base and Liberty grids.
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Figure 17-85 DO and CBOD concentrations at the Litity location for Base and Liberty grids.
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Figure 17-86 PQ and organic-N concentrations at the Liberty locatbn for Base and Liberty grids.
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Figure 17-87 Algal biomass and ammonia concentratics at SLCCHO016 for Base and Liberty grids.
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Figure 17-88 Nitrate and nitrite concentrations atSLCCHO016 for Base and Liberty grids.

113



Draft Final Report, October 2009

137

121

111

i

6
2002
| 2002

2001

2000 | 2001

— SLCCHo16 V13 DO

2003
| 2003

2007
| 2007

2006
| 2008

2008
| 2008

2004
| 2004

--- SLCCH016 VI3RECALIB DO

2008
| 2008

40

351

3.01

25 i

MGIL

157

1.0

0.5

T

——
T

g
1 \\"'-'\_‘ \\"H\Af }‘

LA

N
P

20‘02
| 2002

2001

2000 | 2001

— SLCCHO016 V13 BOD

T
2003

| 2003

2006
| 2006

2007
| 2007

2005
| 2008

2004
| 2004

—=- SLCCHO016 V13RECALIB BOD

2008
| 2008

Figure 17-89 DO and CBOD concentrations at SLCCHO16br Base and Liberty grids.
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Figure 17-900rganic-N and PQ concentrations at SLCCHO016 for Base and Liberty gds.
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Figure 17-91 Organic-N and PQ concentration at RSAC101 for Base and Liberty grid.
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Figure 17-92 Ammonia concentration at RSAC092 for Bse and Liberty grids.
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Figure 17-93 Nitrate and nitrite concentrations atRSAC092 for Base and Liberty grids.
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Figure 17-94 CBOD and DO concentrations at RSAC09r Base and Liberty grids.
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Figure 17-95 Organic-N and PQ concentrations at RSAC092 for Base and Liberty gds.
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Figure 17-96 Algal biomass Point Sacramento for Basand Liberty grids.
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Figure 17-97 Ammonia concentration at Point Sacram#o for Base and Liberty grids.
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Figure 17-98 Nitrate and nitrite concentrations atPoint Sacramento for Base and Liberty grids.
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Figure 17-99 DO and CBOD concentrations at Point Ssamento for Base and Liberty grids.
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Figure 17-101 Algal biomass and ammonia concentratins at Potato Point for Base and Liberty grids.
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Figure 17-102 Nitrate and nitrite concentrations atPotato Point for Base and Liberty grids.
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Figure 17-103 DO and CBOD concentrations at PotatBoint for Base and Liberty grids.
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Figure 17-104 Organic-N and PQ concentrations at Potato Point for Base and Libest grids.
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Figure 17-105 Changes in nitrate concentration wereery small at Point Sacramento in the DICU changescenarios.
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Figure 17-107 Changes in nitrate concentration at Atioch in the DICU changes scenarios.
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Figure 17-108 Changes in ammonia concentration at$\NO037 on the San Joaquin River.
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Figure 17-109 Changes in nitrate concentration at BAN037 on the San Joaquin River.
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Figure 17-110 Changes in ammonia concentration at$\N052 on the San Joaquin River.

135



Draft Final Report, October 2009

PPM

0 T T T T T
2004 2005 2006 2007 2008

| 2004 | 2005 2006 | 2007 | 2008

— RSAN052-R7 V13-BASE NO3 —-—- RSAN052-R7 +INC-DICU-N NO3
------ RSAN052-R7 +DEC-DICU-N NO3

Figure 17-111 Changes in nitrate concentration at BAN052 on the San Joaquin River.

136



Draft Final Report, October 2009

0.7
0.6

0.5

\a

MGIL

0.2

0.1

0.0

T T T T T T T T T T T T T
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

— ISLETON V13-BASE ALGAE ——- ISLETON +HINC-SAC-N ALGAE
------ ISLETON +DEC-SAC-N ALGAE

Figure 17-112 Changes in algal biomass were very athat Isleton for the scenarios changing SacrameatR. N-constituents.
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Figure 17-113 Changes in algal biomass were very athat Point Sacramento for the scenarios changin§acramento R. N-constituents.
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Figure 17-114 Changes in ammonia at Isleton for thecenarios changing Sacramento R. N-constituents.
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Figure 17-115 Changes in nitrite at Isleton for thescenarios changing Sacramento R. N-constituents.
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Figure 17-116 Changes in nitrate at Isleton for thecenarios changing Sacramento R. N-constituents.
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Figure 17-118 Changes in nitrite concentration at Atioch for the scenarios changing Sacramento R. Nsastituents.
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Figure 17-119 Changes in nitrate concentration at Atioch for the scenarios changing Sacramento R. Neastituents
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Figure 17-120 Ammonia and chl-a/algae concentratienat RSAN037 downstream the San Joaquin boundary.

145



Draft Final Report, October 2009

0.020

0.010

0.006

0. T T T T T T T T T T
o 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
1990 | 1991 | 1992 | 1993 | 1904 | 1995 | 1996 | 1907 | 1988 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2008 | 2006 | 2007 | 2008
— RSAN037 +SWC-BASE+FROM-ALL NO2 === RSAN037 +INC-SJR-N+FROM-ALL NO2 ++- RSANO37 +DEC-SJR-N+FROM-ALL NO2
10
09
08
o7
06
}
05 i
3 pod
" i
i i
1 i\
04 ! i i ’\ )
| 1
A Hl i i
b 3 A if
03 : \V
| : FA
\ 1
02 A\
041
o T v v v v v v
N 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1907 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2008 | 2007 | 2008
— RSAN037 +SWC-BASE+FROM-ALL ORG-N —=- RSAN037 +INC-SJR-N+FROM-ALL ORG-N -~ RSAN037 +DEC-SJR-N+FROM-ALL ORG-N

Figure 17-121 Nitrite and organic-N concentrationsat RSAN037 downstream of the San Joaquin boundary.
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Figure 17-128 Changes in ammonia and chl-a/algae @eorgiana Slough in the scenario changing Sac
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Figure 17-129 Changes in nitrite and nitrate in Gemiana Slough in the scenario changing Sac Regionist

constituents.
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Figure 17-130 Changes in ammonia and nitrite at Pato Point in the scenario changing Sac Regional N-

constituents.
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Figure 17-131 Changes in nitrate at Potato Point ithe scenario changing Sac Regional N-constituents.
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Figure 17-134 Ammonia and nitrate concentrations aPotato Point downstream of the Stockton WWTP.
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Figure 17-142 Ammonia and nitrite concentrations atlersey Point for the Sac Regional Nitrification senario.
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Figure 17-145 Nitrite concentration at Suisun Nichls for the Sac Regional Nitrification scenario.
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Figure 17-146 Nitrite concentration at Potato Poinfor the Sac Regional Nitrification scenario.
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17.12 Estimating Mass Loss at the Martinez Boundary in D$12

The DSM2 water quality module has a concentrataumidary condition at the Martinez tidal
boundary. A number of the effluent sources ofredg contributing ammonia and the other
nutrients to the Delta, lie within Suisun Bay ahd Carquinez Strait. Outgoing tides transport
water quality constituents from these sources dpast the Martinez boundary and out of the
model domain. In the physical system, these carestis would flow back into areas upstream of
Martinez on incoming tides, but as the model boupndatypically formulated in DSM2 QUAL,
this mass does not return. The result is a lossass at the Martinez boundary which has the
potential to significantly alter modeled nutriewncentrations and thus the nutrient dynamics
upstream of this boundary. Because this areasgafficant importance to the Delta ecosystem,
an estimate is needed of the magnitude of this losaddition, the potential exists to alter the
Martinez boundary conditions in a subsequent magdeto reintroduce this mass on incoming
tides.

The RMA2/RMA11 hydrodynamic and water quality majelescribed in detail in the next
section, were run for a full Bay-Delta geometryg{ie 1) to provide an estimate of the expected
constituent mass which should be returning onrtkering tide at the Martinez DSM2
boundary. The simulations were performed for I8y@Q0-4,000 cfs) and moderate (11,000-
16,000 cfs) Net Delta Outflow (NDO) conditions. elsimulations specifically examined a
discharge from the CCCSD outfall located near Meai(Figure 17-149) as CCCSD has the
largest effluent flow in this region. The modelpgautations were used to estimate the
constituent loss at this boundary condition locgatnd to estimate the need to modify the DSM2
Martinez constituent boundary conditions in orderdintroduce the constituent mass on
incoming tides.

17.12.1 RMA Model Representation

The RMA model of the Bay-Delta, shown in Figure 48, extends from the Golden Gate to the
confluence of the American and Sacramento Riverd,ta Vernalis on the San Joaquin River.
San Francisco Bay and Suisun Bay regions, and dbe®ento — San Joaquin confluence area
are represented using a two-dimensional (2-D) dapénaged approximation. The Delta
channels and tributary streams are represented asone-dimensional (1-D) cross-sectionally
averaged approximation. The Sacramento-San Joaguifiuence area was refined with the
addition of 2-D elements representing marsh are&herman Lake, between Middle Slough and
New York Slough and other marsh areas in the \icinA closer view of Suisun Bay and the
western and central Delta is shown in Figure 17-150

Detail representing the CCCSD outfall includes megimement around the CCCSD outfall and
along the southern shoreline in the vicinity of thefall. These refinements allow more accurate
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computation of concentration gradients near théabuand better representation of the effluent
plume along the southern shoreline. The mesh drthenoutfall, as shown in Figure 17-151 and
in Figure 17-152, has been used in previous studi®IA, 2000) with some minor
modifications. The element representing the CCEHent outfall (shown in red in Figure
17-152) is approximately 144 ft (44_m) long by 6520 _m) wide. CCCSD’s submerged outfall
line is 132 ft (40 m) in length.

The size and shape of elements are dictated bygekan bottom elevation and other hydraulic
considerations. Wetting and drying of the tidaldfhats has been represented in sufficient detalil
to provide a good definition of change in the tigabm that occurs with change in tidal stage.
Aside from the latest grid modifications, bottome\gtions and the extent of mudflats are based
on NOAA navigation charts, NOAA hydrographic surveata, and aerial photo surveys
processed by USGS and Stanford University. Thestaaddition of marsh areas is based on
DWR LIiDAR data (DWR, 2007) and aerial photograpigodel bathymetry is shown in Figure
17-153, with a close-up view in the vicinity of ti&€CSD outfall shown in Figure 17-154.

Hydrodynamic model operation requires specificatidrthe tidal stage at the Golden Gate and
inflow and withdrawal rates at other external bcanes. Flow boundary conditions include the
Sacramento River, San Joaquin River, and otheflows, channel depletions, and exports.
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17.12.2 Martinez Boundary Condition - Tracer Simulations

The RMA2/RMA11 hydrodynamic and water quality madelere run for a full Bay-Delta
geometry (Figure 17-149) to provide an estimatéhefexpected constituent mass which should
be returning on the incoming tide at the Martin€@M? boundary. The simulations specifically
examined a discharge from the CCCSD outfall locatedr Martinez (Figure 17-151). Both
conservative and non-conservative (decay constaht/day) tracer types were modeled. The
discharge volume simulated for the CCCSD outfalswi2.2 mgd, or 1.849 m3/sec. Tracer
concentration for the discharge was set to 100 ggm3esults can be interpreted as percent
effluent and used to determine the percent of CC@8IDent that returns to the system on an
incoming tide for a model boundary set at Martinez.

Two periods were simulated, one at low net Deltdl@u (3,000-4,000 cfs) and one at moderate
net Delta outflow (11,000-16,000 cfs). The 29-dayi@d of August 16 through September 13,
2002 represents 10% net Delta outflow exceedancking and the April-May 2002 period
represents the 50% exceedance ranking. To contpage flow rankings, a 29-day running
average of year 2000 — 2006 net Delta outflows;utated from Dayflow’ net Delta outflow
data, was computed. The averaged outflows weregbged and ranked based on the percent of
time a flow exceeds all other net Delta outflowsig that period.

NOAA tide data at San Francisco was used to setidaé boundary at the Golden Gate. The
tide data were smoothed using a five-point movingrage, and shifted to NGVD 29 vertical
datum. Flow data from the Interagency Ecologicalgfam (IEP) databagé and Dayflow were
used to set flow boundaries for the Sacramento rRi®an Joaquin River, Yolo Bypass,
Mokelumne and Cosumnes Rivers, miscellaneous dastkiws (including Calaveras River,
French Camp Slough and other minor tributariesd), exports. USGS flow ddtawere used to
set Napa River flows. DWR’s computed monthly agerahannel depletions/precipitation data
were used to represent agricultural influences.

Initial tracer simulation results were extractedeveral locations from Martinez to the CCCSD
outfall. Further tracer runs were performed withd amithout a zero concentration boundary
condition at Martinez implemented in the RMA models

20 hitp://iep.water.ca.gov/dayflow/index.html

2 http://www.iep.water.ca.gov/dss/all/

2 hitp://waterdata.usgs.gov/nwis/dv/?site no=11458000

Z hitp://baydeltaoffice.water.ca.gov/modeling/deltal@ing/models/dicu/dicu.cfm
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The period August 16 to September 14, 2002 waslatedito examine the tracer loss for low
NDO conditions. Figure 17-155, Figure 17-156 amglife 17-157 present concentration contour
plots of the CCCSD tracer for August 23, 2009, rafteweek of simulation. Figure 17-155
shows the CCCSD tracer concentration for the norsexvative tracer at times of maximum ebb
tide and maximum flood tide. Figure 17-156 illasés the effect of the zero Martinez
concentration boundary condition for the non-covestéve tracer. Tracer concentrations for both
runs are similar along the south shoreline of thisu Bay. These figures indicate that after
several tidal cycles, the tracer is mixed acrogswidth of the Carquinez Strait on ebb and
travels up both the north and south channels osuBuiBay on the following flood tide.
Distribution for the conservative tracer case igvahin Figure 17-157.

Figure 17-158 and Figure 17-159 present time seoiets of the tracer mass in the model
network for the August-September 2002 simulatiors.the RMA model, a simulation
duplicating the effect of the DSM2 boundary coraiti the “Mtz BC=0" simulation, was
implemented by setting an artificial zero-concetiraboundary at the location of the DSM2
boundary. Figure 17-158 shows the tracer masshi®mon-conservative tracer, for the entire
“Bay-Delta”, the “Delta Only”, and for the Martingzero concentration boundary condition. The
“Delta Only” line represents the tracer mass in Bag/-Delta network that is upstream of the
“Martinez BC” location. The difference between tlizelta Only” and the “Mtz BC=0" lines
represents the mass missing due to a zero contenttaoundary condition at Martinez. At
maximum ebb, the “Delta Only” mass approximatelyiag the “Martinez BC=0" mass. At
maximum flood, “Martinez BC=0" mass is about hdiet“Delta Only” mass. For a non-
conservative tracer with a relatively short dedayet total tracer mass in the system comes to
equilibrium at MA, where “M” is the mass loading from the CCCSD Hage in g/day and\”

is decay constant in terms of 1/day.

Figure 17-160 illustrates clearly, using a set obd@-filtered time series for the non-
conservative tracer, that a significant amount essafrom the CCSD outfall is lost under the
typical DSM2 boundary settings. Under these lowflowt conditions, approximately 30% of the
tracer mass is lost from the model. Although thsigeulations were run with a CCSD-only
tracer, mass from locations downstream of CCSD wbellost at least these percentages.

The same time series plot for a conservative CCE@&Eer is presented in Figure 17-159. The
total “Bay-Delta” mass grows linearly with time durdbout Aug 21, when mass begins to exit
the model boundary at the Golden Gate. Figure@ll7glots the ratio of the (Mtz BC=0) / (Delta
Only) Godin filtered tracer concentrations for btitle conservative and non-conservative cases.
Figure 17-158 through Figure 17-161 illustrate tihatre is a greater relative loss of mass with a
zero Martinez concentration boundary for the coretére tracer. Figure 17-161 also plots the
stage time series at the CCCSD outfall locatiomm@aratively less tracer mass is lost with the
“Mtz BC=0" condition during the neap tide periodhe smaller tidal excursion during the neap
tide period pushes less tracer past the Martinendbary.
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A set of tracer simulations were run for the Apridy 2002 period when the NDO was higher
(11,000 to 16,000 cfs). Figure 17-162 and Figurel83 show the time series tracer mass plots
for the April-May 2002 simulation. Overall there Somewhat less tracer mass upstream of the
Martinez boundary location for the non-conservatiaeer for the higher NDO period (Figure
17-158 and Figure 17-162). There is visibly leasdr mass upstream of the Martinez boundary
location for the conservative tracer under the @igiDO (Figure 17-159 and Figure 17-163).
Figure 17-164 show the (Mtz BC=0) / (Delta Onlylioglot for the April-May 2002 simulation
period. The April-May 2002 ratios are similar tse for the low NDO period.
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Figure 17-15%Concentration contours for a non-conservative tréce= 1/day) at maximum ebb (top)
and maximum flood (bottom), after one week of setioh
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Figure 17-156 Concentration contours for a non-corvative tracer (A = 1/day) at time of maximum ebb

(Aug 23, 2002 @ 16:30) for a zero concentration bodary condition at the Golden Gate (top) vs. Martirez.
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Figure 17-157 Concentration contours for a consentave tracer at time of maximum ebb (Aug 23, 2002 @

16:30) with a zero concentration boundary conditiorat the Golden Gate (top) vs. Martinez.
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Figure 17-158 Tracer mass time series for the norenservative CCCSD tracer A = 1/day). Blue line is tracer mass in the entirBay-Delta network, red

is the “Delta Only” tracer mass (upstream of Martinez), green is the “Mtz BC=0" tracer mass with a zer concentration boundary at Martinez
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Figure 17-159 Tracer mass time series for the consative CCCSD tracer (no decay. Blue is the tracemass in the entire Bay-Delta network, red is the

“Delta Only” tracer mass (upstream of the Martinez), green is the “Mtz BC=0" tracer mass with a zero ancentration boundary at Martinez.
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Figure 17-160 Comparison of Godin-filtered non-corervative tracer mass for three RMA11 simulations, lsows that a significant amount of CCSD

outfall mass and thus from all locations near the Mrtinez boundary, is lost under the standard DSM2 bundary condition settings.

188



Draft Final Report, October 2009

1.0

m=mmm NON-Conserv ative Tracer

0.97 = == Conservative Tracer

0.8

0.7 7
ok /\’_—_—/
A

0.5 s,

0) / (Delta Only)

0.4 "’-q.,._
e --__.______—A""._"'!w.”“.

.
e e e o = ——

0.3

Ratio (Mtz BC

0.27]

0.1

OO T T T T T T T T T T T T T T T T T T T T T T T T T T
18 19 20 21 22 23 24 25 26 27 28 29 30 31 1 2 3 4 5 6 7 8 9 10 11 12
Aug2002 Sep2002

= Stage at CCCSD Dischame
57 || mmmmmStage at CCCSD Discharge, Godin Filtered

Stage (ft)

-3 T T T T T T T T T T T T T T T T T T T
18 19 20 21 22 23 24 25 26 27 28 29 30 31 1 2 3 4 5 6 7 8 9 10 11 12
Aug2002 Sep2002

Figure 17-161. (top) Times series plots of (“Mtz 8=0" )/(“Delta Only” ) tracer mass for conservativeand

non-conservative CCCSD tracers. (bottom) Stage tienseries at the CCCSD discharge location.
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Figure 17-162 Tracer mass time series for the norenservative CCCSD tracer A = 1/day). The NDO is 11,000 to 16,000 cfs overtsimulation period.
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Figure 17-163 Tracer mass time series for the consative CCCSD tracer (no decay). The NDO is 11,000 16,000 cfs over the simulation period.
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Figure 17-164 Times series plots of (“Mtz BC=0" )!Delta Only” ) tracer mass for the conservative am non-conservative CCCSD tracersThe NDO is

11,000 to 16,000 cfs over the simulation period.
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